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SUMMARY

The 1initial ground and flight tests of the assembled
ship set of decoupler pylohs were completed, From these
tests it was determined that a high level of friction existed
in the pylon pivot joints. The evaluation of the test data
indicated that the friction was large enough that the onboard
airplane excitation system could not excite the GBU-8 pitch
mode. This excessive friction could possibly have prevented
the decoupler pylon from operating successfully in suppres-
sing wing/store flutter.

A design modification which replaced the bushings in the
pylon pivot joints with roller bearings was proposed, This
modification was incorporated in the pylons. This hardware
modification was supported with dynamic, stress and load
analyses and ground tests of the hardware in a fixture. The
details of this design change, the supporting analyses, and

the fixture tests are presented in this document.




INTRODUCTION

The NASA Langley Research Center has investigated the
use of a decoupler pylon as a means of suppressing wing/store
flutter (references 1 through 6),. The concept consists of
reducing the pylon pitch stitfness until the store/pylon
pitch frequency is less than the fundamental wing bending
frequency. These studies and wind tunnel tests have been
expanded to include the fabrication of a ship set of pylons
for the F-16. These pylons have been ground and flight
tested. These tests revealed the need for reduced friction
in the pylon pivot joints. A retrofit design was developed
which incorporated roller bearings in the pivot joints to
replace the original bushings.

This addendum to the basic report summarizes the design
changes, load, stress and dynamic analyses related to this
design change and the test of the pylons in a fixture. The
analyses and fixture tests described herein were required
parts of the development program which is in preparation for
the second phase of the complete airplane ground and flight
test program, The primary ground test will be a complete
airplane ground vibration test. The flight test program will
include flutter tests, maneuvering flight and a single store
ejection, The airplane ground vibration test and the flight
test are not described in this document.




DESIGN MODIFICATION

The bivot joint links and pins were redesigned to incor-
porate needle bearings in place of the bronze bushings which
were in the original design. In addition, thrust bearings
were placed between the links and support lugs. The purpose
ot these changes was to reduce the pivot joint friction and
to reduce joint bind-up under side loading and yawing moment
load conditions. The original design had constant diameter
pins, The new pins have smaller diameters on the ends to
accommodate the bearings. To provide space for the thrust
bearings, both links were reduced in width from 7.24 cm (2.85
in.,) to 6.91 cm (2.72 in.). Bushings were designed which
could be used as bearing races and spacers between the
bearing and holes in the upper strongback and in the holes in
the lower side plates. All other components of the pylon

system remained unchanged.

Needle bearings were selected from the Torrington
catalog. Aircraft quality bearings were selected. The

bearings which were selected are:

Catalog No. Installation Location
12 NBC 1882 YZP Upper Aft Pin
10 NBC 1620 YZP Lower Aft Pin
10 NBC 1620 YZP Upper Fwd Pin
9 NBC 1419 YZP Lower Fwd Pin

This selection was based upon space available and load

capacity.




Thrust bearings were also selected from the Torrington
catalog. The thrust bearings which were selected are:

Total No. Req'd Catalog No. Installation Location

1 NTA 2435 Upper Aft Pin
1 TRA 2435 Upper Aft Pin
3 NTA 2031 Lower Aft Pin, Upper Fwd,

Lower Fwd

3 TRA 2031 Lower Aft Pin, Upper Fwd,
Lower Fwd

An O-ring seal was placed around the outer diameter of

each thrust bearing. The catalog numbers of the O-rings are:

Total No. Reqg'd Catalog No. Installation Location

1 MS28775-228  Upper Aft

3 MS28775-226 Lower Aft, Upper End

and Lower Fwd

The details of each joint assembly are shown on a sec-
tion drawing. These sections are shown on Figures 1 and 2.
These figures show the modified link and pin geometry, and

the complete assembly.




LOADS ANALYSIS

A series of load conditions which could be used to
determine the stress margins of safety of the design
modification was generated. These conditions are a subset
which gave the greatest loads from the load conditions used
in analyzing the pylon originally. The general guideline for
these load conditions was to evaluate the airplane with the
modified decoupler pylons for 4 g wind-up-turns up to a Mach
number of 0.9 at an altitude of sea level. The airplane
store configuration was AIM-9 and launcher on the wing tip,
GBU-8 on stations 3 and 7 (span station 120) and 370 gallon
tank with the center bay empty at stations 4 and 8 (span
station 71), VLimit loads compatible with these flight test

conditions and airplane configuration were calculated.

The loads analysis used a pylon weight of 118.1 kg
(260.4 1b) with a center of gravity at fuselage station
349.3, buttock line 120.0, and water line 83.,1. The GBU-8
weight used was 1027 kg (2265 1b) with the center of gravity
at FS 338.5, BL 120.0, and WL 64.9,

The design envelope for carriage of the decoupler pylon
with the roller bearing kit on the F-16 includes altitudes
from sea level to 20,000 tt, and all speeds from 0 to 550
KCAS up to Mach 0.,95. Aircraft maneuvers included balanced
symmetric pull-ups at load factors ranging from n, = 0 g to
+4,0 g for carriage and ejection, and roll maneuvers for
carriage only at load factors ranging from n,6 = 0 g to +3.0
g. Roll maneuvers are limited to no abrupt roll command, 90O
bank angle and store configuration switch set to CAT III.
The range of flight conditions and maneuver conditions (GBU-8
carriage only) for which the loads were computed are shown on
Table 1. All combinations shown on Table 1 were not
analyzed. Only the most critical combinations which were
selected based wupon the stress analysis results were



analyzed. Therefore, a coordinated effort between the Loads
Group and the Stress Group to determine the critical load
conditions was required. 1In the previous loads analyses
(Reference 7) GBU-8 carriage and other store carriage on the

decoupler pylon were considered.

A composite list of decoupler pylon loads are presented
in Appendix A. The positive sign convention for the
reference point load is shown below. The reference point is

in the wing plane at the decoupler pylon span station.

+Z (UP)
+¥z +Y (RIGHT)
1
-4—<¢ »-
oy \ +Py +X (AFT)
WING REFERENCE POINT F.S. 361.51
+Py W.L. 91.0
s.s. 120.0

Pylon loads were generated from the reference point loads
(Appendix A) which are in the wing plane, These reference
point loads were transfterred to the pylon by using the
geometry of the pylon with it aligned and for misalignment
angles of + 1/2 degree.

Incremental loads due to store ejection combined with
steady state loads were considered for 1.0 g and 4.0 g
ejections at several Mach numbers and altitudes. The net

limit loads during ejection are tabulated in Appendix A.




These load conditions were also used to determine stress
margins of safety. These stress margins of safety are

included in Appendix B.




STRESS ANALYSIS

The stress analysis of the design modification was
devoted entirely to pylon links, pins, and bearings. These
components were the only ones modified in the retrofit to
roller bearings. A finite element model was not available to
use in the stress analysis, therefore, a computer program
which transferred the loads from the wing reference point to
the linkage apex was developed and used. The reference point
loads are discussed in the 1loads analysis section and are
presented in Appendix A. The loads at the apex were then
transferred to the links. A distribution of 40% of the load
to the forward link and 70% of the load to the aft link was
assumed. This assumption adds a 10% conservatism factor to
the predicted margins of safety. The margins of safety were
calculated for store misalignments of zero and + 1/2 degree.
These misalignment angles of + 1/2 degree result in a differ-
ent relationship between the axial load and the bending
moment at the forward and aft links. This difference is due

to the movement of the apex and change in the linkage angles.

The small reduction in the link width from 7.24 cm (2.85
in.) to 6.91 cm (2.72 in.) results in a very small increase
in stress level. These links have large margins of safety
with the original links and this margin is not significantly
reduced by the reduction in width. The original pins,
however, were constant diameter, The new pins have a small
diameter at the ends (Figures 1 and 2) which results in
higher stress levels and lower margins of safety. All other
components of the pylon have high margins of safety, there-
fore, only the margins of safety tor the pins were computed
for a large number of load conditions. The pin margins ot
safety tor the zero misalignment load condition are shown in
Appendix B. High roll rate in combination with large n,
results in the minimum margins. Store misalignment angle has

a very small effect upon the pin margins of safety. The
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lowest margin occurs on the aft lower pin at 0.60 Mach at sea
level with n = 3.0 g and a roll rate of 75 degrees per
second for the three alignment angles (zero, *+ 1/2 degree).

The low margins of safety case identified above results
in a maneuvering flight restriction on the airplane when
carrying the GBU-8 on the decoupler pylon. This restriction
was set at roll rates of less than 70 deg/sec when pulling a
positive 4g for all flight conditions., All parts of the
flight test demonstration of the pylon could be accomplished
with this maneuver restriction, since the primary purpose of
the demonstration was the flutter suppression potential of
the pylon.




DYNAMIC ANALYSIS

The test data obtained from a complete airplane ground
vibration test of the F-16 with the decoupler pylon was used
as one set of data to improve the airplane simulation, The
complete airplane ground vibration test results are presented
in reference 8., A fixture test of the pylons after retrofit
with the roller bearings was conducted. This test data is
presented here and was used to improve the pylon simulation.
These simulations, airplane and pylon, were combined into a
finite element model which was used to compute complete
airplane modes of vibration, The modes of vibration were
then used to conduct flutter analyses and aeroservoelastic
analyses, The mode shape tuning, the flutter analyses and

the aeroservoelastic analyses are discussed here.

Mode Shape Tuning

The ground vibration test data reported in reference 8
(1983 GVT) and 1984 GVT data were obtained with the airplane
supported on the landing gear with partly inflated tires and
collapsed main and nose gear struts. Therefore, a finite
element simulation of the airplane on the landing gear was
used to tune the simulation to the test data. An existing
simulation with gear springs was used as the baseline for the
tuning process. The first step in the process was to tune
the gear springs. The second step was to tune the decoupler

pylon and the remaining parts of the airplane structure.

The complete airplane symmetric modes of vibration were
computed with the baseline gear springs. The lowest two mode
frequencies with this simulation are shown on Table 2. The
1/2 airplane gear spring rates are also shown on Table 2,
These springs produced a lower pitch trequency than was
obtained from the measurements. In this case the nose gear

spring included both the tire and the strut. The tire has an
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estimated spring rate of 416 kN/m (2375 1lb/in) and the strut
has an estimated spring rate of 44 kN/m (253 1lb/in). These
two spring rates in series result in the baseline value used
initially for the nose gear. The nose gear spring rate was
increased by the ratio of the square of the measured frequen-
cy to the 1983 calculated value. The frequencies computed
trom this increased nose gear spring rate are identified on
Table 2 as Iteration 1, This nose gear spring rate of 453
kN/m (2591 1b/in) is close to the estimated nose Jgear tire
spring rate of 4l6 kN/m (2375 1b/in). The nose gear spring
rate was increased to 544 kN/m (3109 1lb/in) to increase the
pitch frequency to a value of 2.03 Hz. The resulting fre-
quencies are identified as Iteration 2 on Table 2. The nose
gear stiffness increase did not raise the pitch frequency by
the ratio of the nose stiffness increase, and therefore, an
increase in the main gear stiffness was incorporated to
increase the pitch frequency. This increased main gear
stitfness is Iteration 3 on Table 2. This iteration was
considered a godd enough match to the test data.

The complete airplane antisymmetric modes of vibration
were computed with the baseline gear springs. The lowest
three mode frequencies with this simulation are shown on
Table 3. The gear spring rates for 1/2 airplane are also
shown on Table 3. The lowest frequency mode was roll. The
second mode was a combination of yaw and roll, and the third
mode was primarily a side translation mode. These rigid body
airplane modes are coupled which makes the individual gear
springs etfect all the rigid body mode frequencies. The
individual gear spring rates were changed and the modes were
computed. These iterations are shown on Table 3. With these
changes in the gear springs it was impossible to match
closely the 1983 ground vibration test data. The frequencies
for the fifth iteration and with the wings empty show the
effect of wing fuel upon the rigid body mode frequencies.

11



The five iterations in the gear spring were made prior
to obtaining the 1984 ground vibration test results. These
iterations were made to attempt to match the 1983 GVT data.
After obtaining the 1984 GVT results it became obvious that
Iteration number 1 was the best match of the 1984 GVT re-
sults. The Iteration number 1 frequencies were computed with
the wing full and the 1984 GVT data were measured with empty
wings. The analysis data in Table 3 indicates that the wing

fuel effect on the rigid body trequencies is not very large.

In addition to the gear spring tuning, the decoupler
pylon finite element simulation was modified and tuned to the
latest fixture test data on the pylons, which 1is reported
in detail in the fixture test section. The finite element
model of the pylon was supported at the forward and aft
attachment which is the same as the fixture test. The lowest
two pylon pitch modes were computed and compared to the
fixture ground vibration test data. This comparison is shown
on Table 4. The baseline stiffness value on Table 4 is the
pitch stiffness which was used to tune the simulation to the
tirst fixture test conducted in 1983 on the pylons with
bushings in the pivot Jjoints. The variations 1in the
stiffness elements shown on Table 4 were examined. A
combination of the original spring stiffness and a reduction
of the strongback beam stiffness resulted in the best match
of the two pylon pitch frequencies to the 1984 test data.

The tuned gear springs and the tuned decoupler pylon
simulation were incorporated 1into the complete airplane
simulation. Symmetric and antisymmetric modes were computed
with these simulation revisions. The modes were computed
with the wing fuel tanks full and with the wing fuel tanks
empty. The computed symmetric mode frequencies are shown on
Table 5. These frequencies are compared with the GVT data
from 1983 and 1984. The computed antisymmetric mode frequen-

cies are shown on Table &6, These frequencies are compared
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with the GVT data from 1983 and 1984. The 1983 modes were
measured with the wing fuel tanks full and the 1984 tests
were conducted with the wing fuel tanks empty.

The most direct comparison between the test data and the
computed natural frequencies is obtained by comparing the
1984 GVT data and the tuned on gear wing empty cdmputed data.
The ratios of the GVT frequencies to the computed frequencies
for the flexible modes are:

SYMMETRIC RATIO

lst Wing Bending .9613

GBU-8 Pitch ' .9698

Tip Missile Pitch 1.0167

370 Gallon Tank Pitch 1.0285 R/H
.9495 L/H

ANTISYMMETRIC RATIO

GBU-8 Pitch 1.0126

GBU~-8 Pitch .9319

Tip Missile Pitch .9377

370 Gallon Tank Pitch 1.0638 R/H
.9696 L/H

The largest difference in the natural frequency is less than
7%, The mode shapes also compare well between test and

analysis.

The tuned simulations were then used to compute free-
free symmetric and antisymmetric modes. The natural frequen-
cies of these modes are shown on Table 5 and Table 6. The
first three mode shapes for these modes are shown in Appendix
cC. The gear support has a small effect upon the natural

frequencies and mode shapes.
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Flutter Analysis

Symmetric and antisymmetric flutter analyses were con-
ducted using the computed free-free mode shapes which have
the mass and stiffness distribution which correlated best
with the 1984 ground vibration test results. These analyses
were conducted tor subsonic Mach numbers of 0.6 and 0.9. The
subsonic unsteady aerodynamic terms were computed with the
doublet lattice aerodynamic program. A standard k solution
flutter analysis was made., The flutter speeds were computed
for altitudes of sea level and +10,000 ft. The symmetric
flutter analysis included the rigid body modes, vertical
translation and pitch, plus the lowest 15 flexible modes.
The antisymmetric flutter analysis included the three rigid
body modes, lateral translation, yaw and roll, plus the

lowest 15 flexible modes.

The symmetric and antisymmetric flutter speeds for Dboth
Mach numbers and all three altitudes are high. The roots
cross zero damping at a velocity of approximately 1029 m/s
(2000 KTS EAS). This high speed root has a flutter frequency
of approximately 13 Hz. The low frequency flutter root which
is unstable on the standard pylon at 5.0 Hz, has low damping
with the decoupler pylon but never crosses the zero damping
line.

Aeroservoelastic Analysis

Symmetric and antisymmetric aeroservoelastic analyses
were conducted using the free-free mode shapes discussed
above. These analyses were conducted for subsonic Mach
numbers of 0.6 and 0.9, The subsonic unsteady aerodynamic
terms were computed with the doublet lattice aerodynamic
program. The analyses were conducted at an altitude of sea
level and for velocities which were compatible with the Mach
number, Flight control system gains which were compatible

14




with the flight conditions were used for each analysis case,.
The Nyquist criteria was used to evaluate the flight control
system gain and phase margins.

The longitudinal aeroservoelastic analysis was conducted
with the two rigid body modes, vertical translation and
pitch, and 15 flexible modes. The first step in the analysis
was to compute the sensor frequency response functions per
unit horizontal tail deflection., These transfer functions
were then combined with the pitch channel flight control
system. The gain and phase margins of the pitch channel were
determined from the Nyquist plot of the open loop response.
This data is shown on Figure 3 for a Mach number of 0.6 and
an altitude of sea level. This analysis was repeated for a
Mach number of 0.9 and an altitude of sea level. This data
is shown on Figure 4. The analysis covered a frequency range
of 0.2 Hz to 10.0 Hz which will include all the significant
response peaks. Over this frequency range, infinite gain

margin and an infinite phase margin are predicted.

The lateral aeroservoelastic analysis was conducted with
the three rigid body modes, lateral translation, yaw and
roll, and 15 flexible modes. The lateral system stability
was evaluated by closing the yaw loop, determining its
stability, and obtaining the gain and phase margins from the
roll loop. The first step in the analysis was to compute the
sensor frequency response functions with the yaw loop closed.
These transfer functions were per unit aileron deflection.
The transfer functions were then combined with the roll
channel flight control system. The gain and phase margins of
the roll channel were determined from the Nyquist plot of the
open loop response, This data is shown on Figure 5 for a
Mach number of 0.6 and an altitude of sea level. The analy-
sis was repeated for a Mach number of 0.9 and an altitude of
sea level. This data is shown on Figure 6. For Mach number

0.9 the maximum gain crossing of the negative real axis is

15




0.315 at a frequency of 3.35 Hz. The phase margin is 78.88

degrees.

The longitudinal and lateral gain margins and phase
margins exceed the accepted standard requirement. These
accepted requirements are + 6dB (2.0 and 0.5 gain crossover)
gain margin and a phase margin of + 45 degrees. No aero-
servoelastic instabilities involving the flight test

configuration with the decoupler pylon are anticipated.
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FIXTURE TESTS

Two types of fixture tests were conducted on the pylons
after they were retrofitted with roller bearings in the pivot
joints. These were: (1) pivot joint breakout friction tests
and (2) vibration tests to determine the pitch frequencies of
the pylon with the GBU-8 weapon installed. A complete
friction and vibration test was conducted on both pylons.
The tests were conducted in the General Dynamics/Fort Worth
Test Facility in a fixture which was designed for this type
of testing. The fixture is the same one which was used to
conduct the initial fixture tests on the pylons (reference
7). This fixture with the pylon with the dummy store is
shown on Figure 7,

The objectives of the tests were to determine the pylon
breakout friction and compare this data with similar data
obtained on the pylons with the bushings in the pivot joints.
A second objective was to determine the effect of thé roller

bearing joints upon the pylon pitch frequencies.

A dummy store was installed on the pylon for both tests.
This dummy store has the correct dynamic characteristics
(mass, mass moment of inertia and center of gravity) to
simulate a flyable GBU-8.

Breakout Friction Tests

The breakout friction tests were conducted for a variety
of test conditions. These variations included misalignment
angle, damper in and out and external applied loads. The
breakout friction was determined for both nose up and nose
down moment. All tests were conducted with the dummy GBU-8
weapon installed. This weapon weighs 1027 kg (2265 1lb). The

store misalignment angle was varied from zero degrees to +2.0
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degrees, and tests were conducted for the misalignment angles
shown on Table 7. At each misalignment angle breakout fric-
tion was determined for both nose up and nose down applied

moments.

In addition to the tests for variations in misalignment
angle, limited tests were conducted with applied yawing
moment and side load. These tests were conducted with zero
misalignment angle. These test conditions are also shown on
Table 7.

The entire breakout friction test program was conducted
with the pitch spring disconnected from the alignment motor
drive system. The tests without external applied loads were
conducted with the damper installed and with the damper
disconnected, The damper had its orifice removed and was
loaded with hydraulic fluid. This damper configuration
provides a minimum damping coefficient with the damper
installed and is the configuration used for the flight tests.
The lower pylon nose up and nose down stops are in the damper

and therefore, the damper must be connected for flight test.

The external applied yawing moment and side load values
used represent approximately 1/3 of limit load. The yawing
moment and the side load were applied at the centerline of
the store in a horizontal direction. The yawing moment was
applied as a couple about the center of gravity of the store
in a lateral direction. The side load was applied at the

center of gravity of the store in a lateral direction.

The relative deflection between the support fixture
(upper pylon component) and the store (the lower pylon
component) was measured with a dial gage located 109.2 cm (43
in,) forward of the store center of gravity. The loads which
were used to create the pitching moment were applied 101.6 cm

(40 in.) from the store center of gravity. For the nose down
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friction test, loads were applied forward of the c.g. only.
For the nose up friction test, loads were applied aft of the
c.g. only.

The load was added in 22.24N or 44.48N (5 or 10 1b)
increments and a dial gage reading was made at each load
increment. The 44.48N (10 1lb) increments were used at the
beginning of the load buildup and the 22.24N (5 1b) increment
was used near the expected breakout point. Above breakout,
22.24N load increments were used. At each loading increment
the dial gage reading was plotted versus the load. In each
case the plotted data indicated a highly linear system and a
distinct break in the line at the breakout point. The lin-
earity effect held true below the breakout load and above the
breakout load,

The results of the friction test for each test condition
described in Table 7 are tabulated on Tables 8 through 15.
This data indicates a difference in breakout moment due to
misalignment angle. At zero misalignment angle, the nose up
and nose down moments are approximately the same. At nose up
misalignment angles, the nose up moments are larger than the
nose down moments. At nose down misalignment angles, the
nose down moments are larger. These effects are primarily
caused by the geometry of the linkage. The breakout moment
required is also significantly less for the damper out cases.
This increment shows the friction effect contributed by the
damper. This damper increment is on the order of 1/3 of the
total friction. For zero and nose up misalignment, the
damper contribution to the friction is larger for nose up
moments. For nose down misalignment angles, the damper

contribution to the friction is smaller for nose up moments.

The friction levels shown are less than 50% of the
levels which were obtained on the pylons with bushings in the
pivot joints (reference 7).
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Ground Vibration Tests

The ground vibration tests in the fixture were conducted
for a variety of test conditions. These variations included
misalignment angle and external applied loads. The lowest
two store pitch mode frequencies were determined for each
test condition, All tests were conducted with the dummy
GBU-8 weapon installed. The pitch spring was attached to the
alignment system and the store misalignment angle was varied
with the alignment drive system, Vibration tests were con-
ducted for the misalignment angles shown on Table 7. Fre-
guency sweeps were made at differént excitation force levels
to determine the friction breakout force level and to deter-
mine the change in natural frequency as a function of force
level. Shakers were attached to the bottom side of the store
to force the store in a vertical direction. Two shakers were
used. One shaker was 132.1 cm (52 in.) forward of the store
c.g. and the second was 294.6 cm (116 in.) aft of the forward
shaker. The shakers were attached to the bottom of the dummy
GBU-8 weapon. Store motion was measured with a roving

accelerometer at the forward and aft locations on the store.

The acceleration response for each input force level was
plotted versus frequency. These plotted frequency sweeps are
shown in Appendix D. At force levels where the first two
modes were excited the mode was tuned by adjusting the fre-
guency to obtain the maximum response, These tuned pitch
trequencies were recorded and are shown on Tables 1lé through
23 for each test configuration. The lower frequency mode is
the primary spring bending mode which involves the pivot
joint rotation. The higher frequency mode is also a store
pitch mode which is the bending of the upper strongback
between the forward and aft attachment points. In some
cases, there was a secondary peak near the spring mode fre-
quency. When this occurred the frequency of this mode was
also tuned and its frequency was tabulated also. The
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frequency of this mode is labeled with an asterisk on Tables
16 through 21.

The measured frequencies vary only slightly as a func-
tion of force level and indicate that no significant level of
nonlinearity exists. Also the natural frequencies are not
effected by misalignment angle, side load or yawing moment.
The measured natural frequencies are less than the values
obtained on the previous fixture tests conducted on the
pylons with bushings in the pivot joints. The frequency
measured during the previous tests (reference 7) was 3.6 Hz.
This érequency was measured with an excitation force which
was approximately twice as big as the force used in the test
reported herein. During the current test the natural
trequencies could be obtained with a minimum excitation of
approximately 395 N m(3500 in-1b).
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CONCLUSIONS

The existing ship set of decoupler pylons was modified
and the roller bearings were incorporated. This design
modification was supported with loads and stress analyses of
the new parts. The stress analysis indicated that maneuver
restrictions on the airplane were required when carrying the
GBU-8 weapons on the decoupler pylons. The airplane was
restricted to roll rates of less than 70 deg/sec when pulling

a positive 4 g.

The modified pylons were ground tested in the General
Dynamics/Fort Worth pylon test fixture. Breakout - friction
tests and vibration tests were conducted on both pylons.
These tests indicate a significant decrease in the pivot
joint friction with the roller bearings. This friction level
was less than one half with the roller bearing than was
achieved with bushings.

The finite element model used to compute the modes of
vibration was modified to incorporate available test data.
There were two sources of available test data. These were
(1) complete airplane ground vibration tests and (2) pylon
fixture tests with the roller bearings. The modes were used
to conduct tflutter analyses and aeroservoelastic analyses.
The flutter analysis indicated that the airplane flutter
speed with decoupler pylon is high. The aeroservoelastic
analysis results indicated that the airplane flight control
system has more than adequate gain and phase margins with the

decoupler pylons installed.
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RECOMMENDATIONS

It is recommended that a flight test demonstration of
the decoupler pylons with roller bearings be conducted on the
F-16. The flight test demonstration should include 1l-g
flight flutter testing and maneuver flight within the stated
limits, The maneuvering flight tests should be conducted
with and without the pylon alignment system engaged. The
flight test program would demonstrate the flutter suppression
capabilities of the pylons both in 1-g flight and during
maneuvers., The maneuvering part of the flight test program
will serve two purposes: (1) The flutter suppression
capability of the decoupler pylon under maneuver loads can be
demonstrated. (2) The performance of the pylon alignment

system can be evaluated,
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TABLE 1.- RANGE OF FLIGHT CONDITIONS AND MANEUVER

CONDITIONS FOR LOADS ANALYSIS

NON-SYMMETRICAL SYMMETRICAL
wor | wr [ mmEmTw L
FT DEG/SEC g's g's
0.6 0 75-100 1-3 1-4
0.7 0 80-100 1-3 1-4
0.8 0 80-100 1-3 1-4
0.8 5000 80-100 1-3 1-4
10000 80-100 1-3 1-4
0.9 0. 80-100 1-3 1-4
10000 80-100 1-3 1-4
20000 80-100 1-3 1-4
0.95 10000 80-100 1-3 1-4
20000 80 1-3 1-4
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TABLE 5.- SYMMETRIC MODE FREQUENCIES (Hz)

1983 GVT | 1984 GVT | Tuned Tuned Tuned
MODE on Gear on Gear on Gear on Gear Free-Free
Wing (F) Wing (E) | Wing (F)| Wing (E) | Wing (E)
Rigid Body Pitch 2.03 1.83 1.973 1.983
Rigid Body Tramslation 2.73 2.712 2,753
GBU-8 Pitch 4.08 3.305 3.158 3.176 3.115
lst Wing Bending 3.02 3.95 4.078 4,109 3.702
GBU-8 Pitch 4.24 4.370 4,372 4.619
GBU-8 Lateral 5.252 5.261 5.226
Tip Missile Pitch 6.27 6.09 5.981 5.990 5.988
Missile Pitch/Wing Bending 6.601 6.671 6.615
370 Gallon Tank Pitch 7.49 7.55 R/H 7.328 7.341 7.327
6.97 L/H
370 Gallon Tank Yaw 7.920 7.924 7.921
2nd Wing Bending 9.77 9.64 9.716 9.818 9.871
Fuselage Vert Bending 11.626
___________ }___ [P p——
GBU-8 Pitch (Nose Up) 4.14 4.65
GBU-8 Pitch (Pylon Binding) 4.68

Wing (F) - Wing Full of Fuel

Wing (E) - Wing Empty
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TABLE 6.~ ANTISYMMETRIC MODE FREQUENCIES (Hz)

1983 GVT | 1984 GVT | Tuned Tuned Tuned
MODE on Gear on Gear on Gear on Gear Free-Free
Wing (F) | Wing (E) | Wing (F)| Wing (E) | Wing (E)
Rigid Body Yaw 2.36 .91 .635 .644
Rigid Body Translation 3.59 1.2 1.262 1.285
Rigid Body Roll 1.34 2.17 2.972 2.996
GBU-8 Pitch 3.92 3.285 3.185 3.244 3.089
GBU-8 Pitch 4.30 4,605 4.614 4.609
: 4.82 R/H
GBU-8 Lateral 4.75 L/H 4.963
GBU-8 Lateral/Yaw’ 5.29 5.232 5.244
Tip Missile Pitch 5.32 5.53 5.860 5.897 5.537
GBU-8 Yaw/Tip Missile Pitch 6.414 6.447 6.212
370 Gallon Tank Pitch 7.35 7.57 R/H 7.092 7.116 7.047
6.90 L/H
370 Gallon Tank Yaw 8.057 8.061 8.018
lst Wing Bending 8.71 8.66 9.328 9.455 8.684
Vertical Tail Bending 11.91 11.81 12.112 12.122 11.563
GBU-8 Pitch (Nose Up Limit) 4.0 4.55
GBU-8 Pitch (Pylon Binding) 4.51

Wing (F) - Wing Full of Fuel

Wing (E) - Wing Empty
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TABLE

7.- FIXTURE TEST CONDITIONS

Misalignment Applied Yaw Applied
Pitch Angle Moment Side Load
Deg N m(IN-LB) kN(LBS)
0 0 0
+0.5 0 0
-0.5 0 0
+2.0 0 0
-2.0 0 0
0 2260(20,000) 0
0 | 0 3.425(770)
0 2260(20,000) 3.425(770)

l. Pitching Moment Applied Nose Up and Nose Down
in Each Case (Nose Up is a Positive Angle).

2. Test Conducted on Both Pylons.

3. Test Conducted with the Dummy GBU-8 Weapon Installed.




TABLE 8.- MODIFIED NASA DECOUPLER PYLON FIXTURE TESTS;
RESULTS OF PYLON PIVOT BREAKOUT FRICTION TESTS

BREAKOUT PITCHING MOMENT -N m (IN-LB)

0 PITCH MISALIGNMENT ANGLE - DEG
0 ° YAW MOMENT PRELOAD-N m (IN-LB)
0 SIDE LOAD PRELOAD - KN (LB)

DAMPER OUT
NOSE UP NOSE DOWN AVERAGE

PYLON #1 146.9(1300) 262.2(2320) 204.5(1810)

PYLON #2 169.5(1500) 325.4(2880) 247.5(2190)

AVERAGE 158.2(1400) 293.8(2600) 226.0(2000)

BREAKOUT PITCHING MOMENT -N m (IN-LB)

DAMPER IN
NOSE UP NOSE DOWN AVERAGE

PYLON #1 298.3(2640) 271.2(2400) 284.8(2520)

PYLON #2 239.6(2120) 375.2(3320) 307.4(2720)

AVERAGE 268.9(2380) 323.2(2860) 296.1(2620)

BREAKOUT PITCHING MOMENT ~N m (IN-LB)

INCREMENT DUE TO DAMPER

NOSE UP NOSE DOWN AVERAGE
PYLON #1 151.4(1340) 9.0(80) 80.3(710)
PYLON #2 70.1(620) 49.8(440) 59.9(530)
AVERAGE 110.7(980) 29.4(260) 70.1(620)
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TABLE 9 .- MODIFIED NASA DECOUPLER PYLON FIXTURE TESTS;
RESULTS OF PYLON PIVOT BREAKOUT FRICTION TESTS

+0.5 PITCH MISALIGNMENT ANGLE - DEG
0 YAW MOMENT PRELOAD - N m (IN-LB)
0 SIDE LOAD PRELOAD - KN (LB)

BREAKOUT PITCHING MOMENT-N m (IN-LB)

DAMPER OUT
NOSE UP NOSE DOWN AVERAGE
PYLON #1 479.1(4240) 33.9(300) 256.5(2270)
PYLON #2 456.5(4040) 54.2(480) 255.4(2260)
AVERAGE 467.8(4140) 44.1(390) 256.0(2265)
BREAKOUT PITCHING MOMENT-N m (IN-LB)
DAMPER IN
NOSE UP NOSE DOWN AVERAGE
PYLON #1 569.5(5040) 42.9(380) 306.2(2710)
PYLON #2 533.4(4720) 85.9(760) 309.7(2740)
AVERAGE 551.5(4880) 64.4(570) 308.0(2725)
BREAKOUT PITCHING MOMENT-N m (IN-LB)
INCREMENT DUE TO DAMPER
NOSE UP NOSE DOWN AVERAGE
PYLON #1 90.4(800) 9.0(80) 49.7(440)
PYLON #2 76.9(680) 31.7(280) 54.3(480)
AVERAGE 83.7(740) 20.3(180) 52.0(460)




TABLE 10.- MODIFIED NASA DECOUPLER PYLON FIXTURE TESTS;
RESULTS OF PYLON PIVOT BREAKOUT FRICTION TESTS

-0.5 PITCH MISALIGNMENT ANGLE - DEG
0 YAW MOMENT PRELOAD - N m (IN-LB)
0 SIDE LOAD PRELOAD - KN (LB)

BREAKOUT PITCHING MOMENT ~N m (IN-LB)

DAMPER OUT
NOSE UP NOSE DOWN AVERAGE
PYLON {1 18.1(160) 406.8(3600) 212.5(1880)
PYLON #2 72.3(640) 411.3(3640) 241.8(2140)
AVERAGE 45.2(400) 409.1(3620) 227.2(2010)

BREAKOUT PITCHING MOMENT -N m (IN-LB)

DAMPER IN
.NOSE UP NOSE DOWN AVERAGE
PYLON #1 56.5(500) 533.4(4720) 295.0(2610)
PYLON #2 58.8(520) 479.1(4240) 269.0(2380)
AVERAGE 57.7(510) 506.3(4480) 282.0(2455)

BREAKOUT PITCHING MOMENT~-N m (IN-LB)

INCREMENT DUE TO DAMPER

NOSE UP NOSE DOWN AVERAGE
PYLON #1 38.4(340) 126.6(1120) 82.5(730)
PYLON #2 -13.5(-120) 67.8(600) 27.2(240)
AVERAGE 12.5(110) 97.2(860) 54.8(485)
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TABLE 11.- MODIFIED NASA DECOUPLER PYLON FIXTURE TESTS;
RESULTS OF PYLON PIVOT BREAKOUT FRICTION TESTS

BREAKOUT PITCHING MOMENT~N m (IN-LB)

+2.0 PITCH MISALIGNMENT ANGLE - DEG
0 YAW MOMENT PRELOAD=~ N m (IN-LB)
0 SIDE LOAD PRELOAD - KN (LB)

DAMPER OUT
NOSE UP NOSE DOWN AVERAGE
PYLON #1 610.2(5400) 27.1(240) 318.7(2820)
PYLON #2 583.1(5160) 40.7(360) 311.9(2760)
AVERAGE 596.7(5280) 33.9(300) 315.3(2790)
BREAKOUT PITCHING MOMENT -N m (IN-LB)
DAMPER IN ‘
NOSE UP NOSE DOWN AVERAGE
PYLON #1 890.4(7880) 54.2(480) 472.3(4180)
PYLON #2 727.8(6440) 74.6(660) 401.2(3550)
AVERAGE 809.1(7160) 64.4(570) 436.8(3865)
BREAKOUT PITCHING MOMENT-N m (IN-LB)
INCREMENT DUE TO DAMPER
NOSE UP NOSE DOWN AVERAGE
PYLON #1 280.2(2480) 27.1(240) 153.6(1360)
PYLON #2 144 .6 (1280) 33.9(300) 89.3(790)
AVERAGE 212.4(1880) 30.5(270) 121.5(1075)
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TABLE 12.- MODIFIED NASA DECOUPLER PYLON FIXTURE TESTS;

BREAKOUT PITCHING MOMENT -N m (IN-LB)

-2.0 PITCH MISALIGNMENT ANGLE - DEG
0 YAW MOMENT PRELOAD - N m (IN-LB)
0 SIDE LOAD PRELOAD - KN (LB)

RESULTS OF PYLON PIVOT BREAKOUT FRICTION TESTS

DAMPER OUT
NOSE UP NOSE DOWN AVERAGE
PYLON #1 4.5(40) 397.8(3520) 201.2(1780)
PYLON #2 70.1(620) 379.7(3360) 224.9(1990)
AVERAGE 37.3(330) 388.8(3440) 213.1(1885)

BREAKOUT PITCHING MOMENT =N m (IN-LB)

DAMPER IN
NOSE UP NOSE DOWN AVERAGE
PYLON {1 31.6(280) 465.6(4120) 248.6(2200)
PYLON #2 76.8(680) 406.8(3600) 241.8(2140)
AVERAGE 54.2(480) 436.2(3860) 245.2(2i;0)

BREAKOUT PITCHING MOMENT-N m (IN-LB)

INCREMENT DUE TO DAMPER

NOSE UP NOSE DOWN AVERAGE
PYLON #1 27.1(240) 67.8(600) 47.4(420)
PYLON #2 6.7(60) 27.1(240) 16.9(150)
AVERAGE 16.9(150) 47.4(420) 32.1(285)
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TABLE 13.- MODIFIED NASA DECOUPLER PYLON FIXTURE TESTS;
RESULTS OF PYLON PIVOT BREAKOUT FRICTION TESTS

0 PITCH MISALIGNMENT ANGLE - DEG
2260(20000) YAW MOMENT PRELOAD -N m (IN-LB)
0 SIDE LOAD PRELOAD - KN (LB)

BREAKOUT PITCHING MOMENT -N m (IN-LB)

DAMPER IN
NOSE UP NOSE DOWN AVERAGE
PYLON #1 278.0(2460) 307.4(2720) 292.7(2590)
PYLON #2 280.2(2480) 397.8(3520) 339.0(3000)
AVERAGE 279.1(2470) 352.6(3120) 315.9(2795)

TABLE 14.- MODIFIED NASA DECOUPLER PYLON FIXTURE TESTS;
RESULTS OF PYLON PIVOT BREAKOUT FRICTION TESTS

0 PITCH MISALIGNMENT ANGLE - DEG
0] YAW MOMENT PRELOAD =N m (IN-LB)
3.425(770) SIDE LOAD PRELOAD - KN (LB)

BREAKOUT PITCHING MOMENT -N m (IN-LB)

DAMPER 1IN
NOSE UP NOSE DOWN AVERAGE
PYLON #1 309.6(2740) 375.2(3320) 342.4(3030)
PYLON #2 241.8(2140) 433.9(3840) 337.9(2990)
AVERAGE 275.7(2440) 404.6(3580) 340.2(3010)
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TABLE 15.- MODIFIED NASA DECOUPLER PYLON FIXTURE TESTS;
RESULTS OF PYLON PIVOT BREAKOUT FRICTION TESTS

0 PITCH MISALIGNMENT ANGLE - DEG
2260(20000) YAW MOMENT PRELOAD =N m (IN-LB)
3.425(770) SIDE LOAD PRELOAD - KN (LB)

BREAKOUT PITCHING MOMENT -N m (IN-~LB)

DAMPER IN
NOSE UP NOSE DOWN AVERAGE
PYLON #1 404.5(3580) 366.1(3240) 385.3(3410)
PYLON #2 345.8(3060) 463.3(4100) 404.6(3580)
AVERAGE 375.2(3320) 414.7(3670) 395.0(3495)
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TABLE 16.- GROUND VIBRATION TEST RESULTS

0 MISALIGNMENT PITCH ANGLE-DEG
APPLIED YAW LOAD - N m (IN-LB)
0 APPLIED SIDE LOAD - KN (LB)

o

PYLON NO. 1
EXCITATION PITCH MODE FREQUENCIES (Hz)
FORCE SPRING STRONGBACK
KN (LB) BENDING BENDING
.051(11.4)
L104(23.4)
.149(33.6) 4.6
.200(45.0) 3.36(3.65%) 4.54
.250(56.2) 3.34(3.60%) 4.55
.283(63.7) 3.43 4.55
PYLON NO. 2
EXCITATION PITCH MODE FREQUENCIES (Hz)
FORCE SPRING STRONGBACK
KN (LB) BENDING BENDING
.048(10.8)
.098(22.1)
.135(30.3) 3.42(3.68%) 4.6
.190(42.7) 3.43 4,63
.228(51.3) 3.55 4.6
.286(64.3) 3.62 4.6

¥ SECONDARY RESPONSE PEAK
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TABLE 17.- GROUND VIBRATION TEST RESULTS

+0.5 MISALIGNMENT PITCH ANGLE-DEG
0  APPLIED YAW LOAD - N m (IN-LB)
0  APPLIED SIDE LOAD - KN (LB)
PYLON NO. 1
EXCITATION PITCH MODE FREQUENCIES (Hz)
FORCE SPRING STRONGBACK
KN (LB) BENDING BENDING
.049(11.0)
.102(23.0)
.149(33.4) 4.60
.187(42.1) 3.40(3.65%) 4.58
.244(54.8) 3.35(3.60%) 4.54
.294(66.0) 3.34(3.61%) 4.50
PYLON NO. 2
EXCITATION PITCH MODE FREQUENCIES (Hz)
FORCE SPRING STRONGBACK
KN (LB) BENDING BENDING
.045(10.2)
.094(21.2)
.138(31.1) 4.57
.173(39.0) 3.40(3.61%) 4.59
.233(52.3) 3.46 4.57
.277(62.3) 3.56 4.60

¥ SECONDARY RESPONSE PEAK
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TABLE 18.- GROUND VIBRATION TEST RESULTS

-0.5 MISALIGNMENT PITCH ANGLE-DEG
0 APPLIED YAW LOAD - N m (IN-LB)
0 APPLIED SIDE LOAD - KN (LB)
PYLON NO. 1
EXCITATION PITCH MODE FREQUENCIES (Hz)
FORCE SPRING STRONGBACK
KN (LB) BENDING BENDING
.048(10.8)
.099(22.2) 4.55
.148(33.2) 3.33(3.64%) 4.55
.186(41.8) 3.48 4.55
.232(52.1) 3.59 4.55
.278(62.4) 3.56 4.55
PYLON NO. 2
EXCITATION PITCH MODE FREQUENCIES (Hz)
FORCE SPRING STRONGBACK
KN (LB) BENDING BENDING
.049(11.1)
.101(22.6)
.147(33.0) 3.45(3.70%) 4.63
.197(44.3) 3.38(3.60%) 4.61
.243(54.6) 3.57 4.57
.292(65.6) 3.59 4.60

¥ SECONDARY RESPONSE PEAK




TABLE 19.- GROUND VIBRATION TEST RESULTS

+2.0  MISALIGNMENT PITCH ANGLE-DEG
0 APPLIED YAW LOAD - N m (IN-LB)
0 APPLIED SIDE LOAD - KN (LB)
PYLON NO.
EXCITATION PITCH MODE FREQUENCIES (Hz)
FORCE SPRING STRONGBACK
KN (LB) BENDING BENDING
.044(10.0)
.095(21.4)
.140(31.5) 4.65
.186(41.8) 3.46(3.66%) 4.66
.231(52.0) 3.37(3.64%) 4.71
.278(62.6) 3.35(3.61%) 4.71
PYLON NO. 2
EXCITATION PITCH MODE FREQUENCIES (Hz)
FORCE SPRING STRONGBACK
KN (LB) BENDING BENDING
.049(11.0)
.098(22.0)
.141(31.8) 3.45(3.68%) 4.70
.190(42.8) 3.37(3.57%) 4.71
.234(52.6) 3.37 4.76
.272(61.2) 3.39 4.7

¥ SECONDARY RESPONSE PEAK
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TABLE 20.- GROUND VIBRATION TEST RESULTS

-2.0° MISALIGNMENT PITCH ANGLE-DEG
0  APPLIED YAW LOAD - N m (IN-LB)
0  APPLIED SIDE LOAD - KN (LB)
PYLON NO. 1
EXCITATION PITCH MODE FREQUENCIES (Hz)
FORCE SPRING STRONGBACK
KN (LB) BENDING BENDING
.045(10.2)
.094(21.2) 4.51
.141(31.6) 3.43(3.66%) 4.55
.186(41.9) 3.50 4.55
.232(52.1) 3.58 4.55
.278(62.6) 3.62 4.55
PYLON NO. 2
EXCITATION PITCH MODE FREQUENCIES (Hz)
FORCE SPRING STRONGBACK
KN (LB) BENDING BENDING
.046(10.4)
.099(22.2) 4.75
.142(32.0) 3.75 4.56
.177(39.8) 3.51(3.66%) 4.53
.233(52.4) 3.57 4.54

¥ SECONDARY RESPONSE PEAK




TABLE 21.- GROUND VIBRATION TEST RESULTS

0

MISALIGNMENT PITCH ANGLE-DEG
2260(20000) APPLIED YAW LOAD - N m (IN-LB)

0 APPLIED SIDE LOAD - KN (LB)
PYLON NO.
EXCITATION PITCH MODE FREQUENCIES (Hz)
FORCE SPRING STRONGBACK
KN (LB) BENDING BENDING
.046(10.3)
.093(21.0)
.132(29.8) 3.29(3.58%) 4.57
.180(40.5) 3.44 4.57
.226(50.9) 3.52 4.57
.269(60.4) 3.55 4.57
PYLON NO. 2
EXCITATION PITCH MODE FREQUENCIES (Hz)
FORCE SPRING STRONGBACK
KN (LB) BENDING BENDING
.046(10.4)
.097(21.8)
.138(31.0) 3.51(3.74%) 4.59
.179(40.3) 3.45(3.63%) 4.62
.222(50.0) 3.34(3.60%) 4.62
.276(62.0) 3.56 4.58

¥ SECONDARY RESPONSE PEAK
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TABLE 22.- GROUND VIBRATION TEST RESULTS

0
0]

MISALIGNMENT PITCH ANGLE-DEG
APPLIED YAW LOAD - N m (IN-LB)

3.425(770) APPLIED SIDE LOAD - KN (LB)

PYLON NO. 1
EXCITATION PITCH MODE FREQUENCIES (Hz) _
FORCE SPRING STRONGBACK
KN (LB) BENDING BENDING
.046(10.4)
.097(21.7)
.145(32.5)
.187(42.0) 4.51
.233(52.4) 3.36 4.51
.278(62.4) 3.38 4.51
PYLON NO. 2
EXCITATION PITCH MODE FREQUENCIES (Hz)
FORCE SPRING STRONGBACK
KN (LB) BENDING BENDING
.047(10.6)
.097(21.8)
.140(31.4) 3.58 4.56
.183(41.1) 3.50 4.61
.229(51.4) 3.52 4.61
.274(61.6) 3.56 4.61




TABLE 23.- GROUND VIBRATION TEST RESULTS

0

MISALIGNMENT PITCH ANGLE-DEG
2260(20000) APPLIED YAW LOAD - N m (IN-LB)
3.425(770) APPLIED SIDE LOAD - KN (LB)

PYLON NO. 1
EXCITATION PITCH MODE FREQUENCIES (Hz)
FORCE SPRING STRONGBACK
KN (LB) BENDING BENDING
.048(10.8)
.097(21.9)
.144(32.3)
.187(42.1) 4.52
.233(52.4) 3.46 4.52
.278(62.6) 3.36 4.51
PYLON NO. 2
EXCITATION PITCH MODE FREQUENCIES (Hz)
FORCE SPRING STRONGBACK
KN (LB) BENDING BENDING
.047(10.6)
.097(21.8)
.141(31.6)
.185(41.6) 3.66 4.54
.229(51.4) 3.54 4,57
.274(61.7) 3.53 4.59
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APPENDIX A

DECOUPLER PYLON LOADS

This appendix contains a tabulation of decoupler pylon
store loads at the wing reference point (FS 361,51) for the
pylon aligned case. Also included is a tabulation of loads

during ejection for pylon aligned.
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TABLE Al.- PYLON + STORE LOADS AT WING REFERENCE POINT (F.S. 361.51)

COND. MACH ALT ROLL

41-4.1L
41-4.1R
41-4.1L
41-4.1R
41-4.1L
41-4.1R
Si1-4.1L
51-4.1R
Sl1-4.1L
S1-4.1R
61-4.1L
61-4.1R

.88
.68
.64
.68
.68
.68
.58
.68
.64
.68

N1
.68

NON-SYMMETRICAL

NZ
RATE
s5. 188, 1.
5. 188, 1.
a. 94. 1.
g. 98. 1.
. 8s. 1.
§. 84. 1%.
g. 94.

. 949.
8g.

N N NN

q

7 8g.
q. 7§. 3.
| 75. 3.

0.60 MACH
Fs Fy
-38%1. 2116.
-3877. 28589.
-2961. 1684.
-2984. 2983.
-2881. 1299.
-2921. 1654.
-8517. 2288.
-5488. 2734.
-5436. 1886.
-5489. 2341.
-7874. 2264.
-7744. 2746.

TABLE A2.- PYLON + STORE LOADS AT WING

SYMMETRICAL

COND. MACH ALT ROLL N,

1-4.1
11-4.1
21-4.1
31-4.1

.68
.68
.68
.68

RATE
8. g. 1.
q. g. 2.
g. 8. 3.
s. 8. 4.

Altitude in Feet
Roll Rate in Deg/Sec
Nz in g's
Force (F) in Lb
Moment (M) in In-Lb
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0.60 MACH
Fz Fy
-2583.  -57.
-5132.  454.
-7538. 1156.
-9891. 183S.

Fx

384.
384.
384.
384.
384.
384.
384.
384.
384.
384.

384.
384.

My

-75834.
-74486.
-73826.
-72523.
-71229.
-78771.
-127334.
-127777.
-125447.
-125867.

-181239.
-186832.

My

S1958.
59418.
41296,
48332.
31718.
37841.
§1533.
65494.
4217S.
S&147.
48428,
§7728.

M

§2764.
65865.
43782.
55447.
35688.
45998.
57173.
§7379.
48389.
48548.
44888 .
41764.

REFERENCE POINT (F.S. 361.51)

Fx

384.
384.
384.

384.

My

-64367.
-118327.
-177829.

-241584.

My

~2426.
7948.
28471,

33812.

M

8488.
15343.
12889.
14173.




TABLE A3.- PYLON + STORE LOADS AT WING REFERENCE POINT (F.S. 361.51)
NON-SYMMETRICAL

COND. MACH ALT ROLL N,

RATE
42~4.1L .78 5. 188,
42-4.1R .78 5. 148.
42-4.1L .78 s. 98.
42-4.1R .78 7. 98.
42-4.1L .78 s. 8s.
42-4.1R .79 s5. a8.
$2-4.1L .79 7. 91.
§2-4.1R .78 g5. 98.
$2-4.1L .78 s. 8s.
52-4.1R .79 . 8§.
62-4.1L .78 . 88.
62-4.1R .78 g5. 8.

TABLE A4.- PYLON + STORE

| 3
.

SYMMETRICAL

COND. MACH ALT ROLL N,
RATE

2-4.1 .78 g. g. 1.

12-4.1 .78 g. . 2.

22-4.1 .79 8. g. 1.

32-4.1 .78 s. s. 4.

Altitude in Feet
Roll Rate in Deg/Sec
Nz in g's

Force (F) in Lb
Moment (M) in In-Lb

Fz

-38%6. -

-3497.

-2965. .

-299S.
-288S.
-2911.

~ -5526.

-5848.

~54486.

-5465.

-7989.
-7967.

0.70

Fz

-25979.
-5139.
-7689.
-18121.

0.70 MACH

Fy

1842.
2341.
1418.
1861.
19429.
1428.
1977.
2471.
1688,
2948.
1996.
2473.

MACH

-392.
185.
693.

1311.

Fx

s23. .

$23.
sa3.
sa3.
s23.
sa3.
§23.
s23.
$23.
$23.
§23.

$23. -

Fyx

523.
523.
§23.

§23.

My

-78262.
-78112.
-76388.
-76187.
-74583.
-74413.

-131334,

-129981.

-129464.

-128168.

-183768.

-183823.

LOADS AT WING REFERENCE POINT

My

-67736.
-1226549.
-176168.
-234646.

My

46097,
s5s21.
36259.
43574,
26827.
33276.
45643.

$4839. -

36471.
44679.
43668,
52889.

45339.
64869.
36443.
S4928.
28S578.
44538.
56589.
62888.
48491.
53896.
$3646.
$42138.

(F.S. 361.51)

My

-788S.

-68.
11881.
22863.

3391.
1551S.
21198,
19329.
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TABLE A5.- PYLON + STORE LOADS AT WING REFERENCE POINT (F.S. 361.51)
NON-SYMMETRICAL

COND. MACH ALT ROLL N,

43-4.1L
43-4.1R
43-4.1L
43-4.1R
43-4.1L
43-4.1R
§3-4.1L
§3-4.1R
$3-4.1L
§3-4.1R
§3-4.1L
63-4.1R

71-‘.1L

71-4.1R
71-4.1L
7Ti-4.1R
71-4.1L
71-4.1R
72-4.1L
72-4.1R
72-4.1L
72-4.1R
73-4.1L
73-4.1R

.49
..
.88
.0
.89
.a9
.84
.89
.84
.89
.88
.8
.89
.84
.88
.88
.88
.84
.84
.88
.89
.89
.84

.
s.
s.
s.
s.
s.

Altitude in Feet
Roll Rate in Deg/Sec
Nz in g's
Force (F) in Lb
Moment (M) in In-Lb
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RATE

198.
188.
9f.
9s.
as.
as.
9s.
9s.
as.
.
as.
.
138.
188,
98.
9s.
as.
8s.
94.
9.
as.
8g.
8g.
8s.

—
.

W W N N NN

0.80 MACH
Fz Fy
-3586. 1688.
-31882. 2224.
-2992. 1223.
-2998. 1748.
-2948.  836.
-2998. 1385.
-5518. 1797,
-5495. 2392.
-5432. 1438.
-5415. 1966.
-7982. 1596.
-7938. 2141,
-3873. 177s.
-3969. 2256.
-2979. 1344.
-2978. 1777.
-2898. 954,
-2896. 1346.
-5593. 181s.
-5486. 2324.
-5418. 1811,
-S481.  1965.
-7941. 1581.
-7922. 2842.

Fy

6683.
683.
683.
683.
683.

. 683.

683.
683.
683.
683.
683.
683.
568.
568.
568.
S68.
568.
s$68.
S68.
S68.
S68.

568.

568.

S$68.

My

-92102.
~-87443.
-89554.
-88622.
-87137.
-g4912.
-1447S8.
-139323.
-1388137.
-137516.
-1938448.
-193814.
-87973.
-83812.
-85344.
-81961.
-83718.
-88323.
-137176.
-135976.
-135121.
-134286.
-194348.

~-189653.

Mx

41837.
Sllllﬂ
31197.
48299.
21713.
29954.
41398.
§2133.
32338.

41931,

3s213.

45189.

44460,
§288S.
3377s.
41463.
24239.
31197.
42148.
§1331.
34162,
42442,
35442.
43893.

M,

46929,
69965,
38415.
§7993.
39149,
47969.
59738.
71811,
s1778.
62171.

. 54988.

61578%.
47696.
66427.
38622.
$5534.
39596.
45677.
56741.
66199.
49867.
§7118.
51284.
56853.




COND. MACH ALT

a8-4.1L .08
4S-4.1R .88
48-4.1L .38
45-4.1R o8
48-4.1L .08
48-4.1R .38
§8-4.1L .08
§§-4.1R .88
§5-4.1L .38
§S-4.1R 3§
65-4.1L .84
65-4.1R .gg
48-4.1L .84
48-4.1R .89
48-4.1L .89
48-4.1R .89
48-4.1L .88
48-4.1R .89
s8-4.1L .8¢
$8-4.1R .89
S8-4.1L .88
58-4.1R .34
68-4.1L .88
68-4.1R .88

Altitude in Feet

14888,
199498,
18888.
19888,
18888.
15888,
19808,
19888,
19898.
19988.
19988,

19988
29838,

29948.
298489.
238498,
2804s.
29889.
29489.
29998,
2998s..
29888.
289ns.
29988.

ROLL N,

RATE

188,
199.
9s.
8.
s,
..
9s.
9s.
as.
as.
as.
as.
189,
189.
sg.
9.
as.
8g.
9.
9.
8s.
8g.
8s.
as.

Roll Rate in Deg/Sec

Nz in g's

Force (F) in Lb

Moment (M) in In-Lb

1.
1.

TABLE A5.- (CONCLUDED)

Fz

-3858.
-38%4.
-2966.

-2963. .
-2804. .
-2882. .

-S484.
-5461.
-5396.
-8372.
-7989.
-7848.
-3341.
-3833.
-29s4.
-2942.
-2868.
-2861.
-54s8.
-8394,
-5363.
-5292.
-7416.
~7693.

Fy

1986.
2422.
1683.
1944.
1168.
1518,
2598,
2582.
1958.
2268.
2968.
2482.
2283.
2572.
1814.
2192.
1422.
1684.
2334.
2656.
2443.
2329.
2332.
2617.

Fyx

475.
479
478 .
478.
478.
478.
478.
478.
478.

473.

474.
4789.
314.
314.
Jla.
314.
314.
4.
314.
314.
314.
3i4.
314,

314,

My

-82S7S.
~a4385.
-88434.
-70487.
-78883.
-76878.
-133427.
-1332%3.
-131383.
-131818.
-186823.
-189248.
-76228.
-7517%.
~-74127.
-73212.
-7223s.
-71457.
-128647.
-131171.
-127997.
-138313.
-185797.
-191923.

My

48596.
$6333.
37982,
449213,
20828.
34678.
477213.
S6186.
48778.
48584,
44848,
52486.

$3993.

$9758.
432687,
48471.
33697.
38348.
§277s.
$8726.
45888.
$8338..
S3493.
58837.

Mz

§2939.
66865.
43777.
66437,
38663.
47456.
§9533.
61965,
S3164.
§51748.
§2419.
§2234.
57899.
6531S.
48494.
SS#38%.
49847 .
45793.
$4943.
55188.
4574S.
46486.
46522.

49449.

57



TABLE A6.~ PYLON + STORE

SYMMETRICAL

COND. MACH ALT

3-4.1 .08
13-4.1 .88
23-4.1 .88
33-4.1 .08
5-4.1 .88
18-4.1 .08
285-4.1 .38
38-4.1 .88
0-4.1 .38
18-4.1 .89
28-4.1 .38
38-4.1 .3g

Altitude in Feet

18998 .

15088 .

19988.
18498.
280as.
29088.
204998 .

20809,

ROLL N,
RATE

5.
s.

Roll Rate in Deg/Sec

Nz in g's
Force (F)

in Lb

Moment (M) in In-Lb
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1.
2.
3.

. 4.

1.
2.

. 3.

LOADS AT WING REFERENCE POINT (F.S. 361.51)

0.80 MACH
F, Fy
-2599. -464.
-5124. -187.
-7638. 33t.
18127. 981.
-2576. ~-192.
-5493. 193,
-7587. 747.
-9949. 1411.
-2557.  24.
-5863. 427.
-74486. 946.
~-9828. 1641.

Fx

683.
683.
683.
683.
478,
478.
478.
478,
314,
314,
314.
4.

My

-7874S.
-132114.
-186443.
-241833.

-78672.
-12478S.
-188223.

-245296.

-65926.
-129191.
-182997.
-24681S.

Mx

-11188.
-4947.
3094
14508,
-5514.
1431.
11714.
23828.
-1417.
6469.
1597s.
29129.

Mz

$588.
17917.
26711.
26879.

8481.
17671.
18292.
21568.

9632.
12399.
1444S.

21182,




TABLE A7.- PYLON + STORE LOADS AT WING REFERENCE POINT (F.S.

COND. MACH ALT ROLL N,

44-4.1L
44-4.1R
44-4.1L
44-4.1R
44-4.1L
44-4.1R
S4-4.1L
54-4.1R
S4-4.1L
54-4.1R
64-4.1L
64-4.1R
46-4.1L
46-4.1R
46-4.1L
46-4.1R
46-4.1L
46-4.1R
56-4.1L
56-4.1R
56-4.1L
56-4.1R
66-4.1L
66-4.1R

.95
.95
.95
.99
.99
.97
.98
.99
.94
.98
.99
.99
.94
.98
.98
.99
.99
.94
.98
.99
.99
.99
.95
.98

NON-SYMMETRICAL

s.
s,

19989 .
19888.
198989,
19298.
19808 .
19909 .
19988,
19988.
19998,
198989,
18888,

18889

Altitude in Feet
Roll Rate in Deg/Sec
N, in g's
Force (F) in Lb
Moment (M) in In-Lb

RATE

188.
188.
9s.
9s.
8s.
84.
9s.
98.-
8g.
8g.
gg.
8g.
199.
1809.
9g.
98.
84.
89.
94.
99.
89.
ag.
8g.
8g.

Fz

-3285.
-3138.
-3148.
3948,
-3919.
-2969.
-5578.
-5529.
-5481.
-5445,
-3327.
-7¢971.
-2114.
-1g82.
-3g23.
-23992.
-2937.
-2912.
-5548.
-5478.
-5414.
-5387.
-7936.
-7998.

0.90 MACH
Fy  Fy
1586. 1344,
2127. 1444,
1973, 1944,
1637. 1944.
687. 1944,
1196. 12344.
1784. 1344,
2383. 1344,
1435. 1944,
2916, 1344,
1394, 1344,
2335. 134as.
1939. 718,
2454,  T:3.
1511. 718,
1972. 718,
1138.  718.
1539. 718,
2137. 718,
2648. 718.
1932. 718,
2399. 718.
1991. 718.
2463.  718.

My

-117432.
-198638.
~114628.
-186919.
-112838.
-19S414.
-161779.
-157s822.
-1591494.°
-155549.
-214599.

-2108981.
-97539.

-93568.
-95314.
-91713.
-93319.
-99969.
-1462484.
~143848.
-1432949.
-141832.
-198368.
-196729.

361.51)
My M,
37299. S4674.
47967.  72224.
26653.  45669.
36369. 61421.
17162. 37712.
25927.  51665.
37523.  63498.
49787.  76476.
29548.  56646.
4g588.  68284.
29362. 56391.
48377. 68372.
46376. 59623.
$5367.  71337.
35831.  58269.
43885. 69874.
26443.  41963.
33558.  514S9.
46878.  63943.
56316. 78578.
4g781.  58687.
49464.  52565.
41777.  s9776.
s4672. 62928.
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COND. MACH ALT

49-4.1L
49-4.1R
49-4.1L
49-4.1R
49-4.1L
49-4.1R
59-4.1L
$9-4.1R
89-4.1L
§9-4.1R
69-4.1L
§9-4.1R

.98
.99
.98
.98
.98
.98
.98
98
.98
.98

.99

29898
20888.
29994 .
280849.
29889 .
20994,
20888.
20888,
284908.
20808,
28894 .
298a4.

Altitude in Feet
Roll Rate in Deg/Sec
Nz in g's
Force (F) in Lb
Moment (M) in In-Lb
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ROLL N,
RATE

198. 1.
199. 1.
9. 1.
sg. 1.
89. 1.
8g. 1.
9g. 2.
94. 2.
as. 2.
8g. 2.
88, 3.
8g. 3.

TABLE A7.- (CONCLUDED)

Fz

-3964.
-3942.
-2972.
-2952.
-2889.
-2871.
-5464.
-5499.

" -5374.

-§299.
~7844,

-7726.

Fy

2311.
2689.
187S.
2216.
1487.
1791.

2448.

2796.
2179.
248S.
2419.
2786.

Fy

484.
489.
489.

488,

489.
4889.
488.
488.
4849.
4849.
480,

4889.

My

-852449.
-82997.
-83987.
-8199S.
-81146.
-79444.
~135644.
-136812.
-133367.
-136283.
-199882.

~1967S4.

My

S4429.
69842.
43351.
49§12.
33828.
39338.
537189.
69371.
46637.
52284.
S1877.

56268.

M,

62551.
69787.
53813.
59478.
44523,
54218,
61429.
62892.
53349.
S41S4.
5493S.
§5237.




TABLE A8.- PYLON + STORE LOADS AT WING REFERENCE POINT (F.S. 361.51)
SYMMETRICAL 0.90 MACH

COND. MACH ALT ROLL N, F, Fy Fx My My Mz
RATE

4-4.1 .98 g. g. 1 -2%73 -617. 1344, -188986. -15999. 11383.
14-4.1 .99 g. 5. 2 -5189. -232. 1444, -183231. -9326. 2@saz.
24-4.1 .98 s. g3 -7681. 167. 12344, -285934. -2228. 28854.
34-4.1 .98 a. g. 4. -1417%, 616. 1844. -258842. §938. 3711s.
6-4.1 .99 19888. §. 1. -2616. ~-196. 718.  ~@4881. -7d44. 13254.
16-4.1 .99 19889. §. 2. -5117. 2i4. 718. -137682. 193. 21592.
26-4.1 .99 19988. 8. 3. ~7614. 697. 718. ~-194748. 9l88. 289837.
36-4.1 QX 19984. g. 4. -19811, 1434. 718. ~24968S. 22932. 39836.
9-4.1 .99 29849. 8. 1. =-28572. 199. 489. ~7349.1. -435. 13867.
19-4.1 .97 28998. 8. 2. -5873. Si8. 489. -127443. 7122. 19941 .
2%-4.1 .99 20998. g. 3. =7491. 1944. 488. -185992. 16828. 2976S.
39-4.1 .99 29999. §. 4. ~9757. 1667. 489. -255853. 28212. 25979.

Altitude in Feet
Roll Rate in Deg/Sec
N, in g's

Force (F) in Lb
Moment (M) in In-Lb
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TABLE A9.- PYLON + STORE LOADS AT WING REFERENCE POINT (F.S.
NON-SYMMETRICAL

COND.

47-4.1L
47-4.1R
47-4.1L
47-4.1R
47-4.1L
47-4.1R
§7-4.1L
§7-4.1R
57-4.1L
57-4.1R
67-4.1L
67-4.1R
5#-4.1L
S#-4.1R
S#-4.1L
S#-4.1R
58-4.1L
5@-4.1R
68-4.1L
68-4.1R
68-4.1L
68-4.1R
78-4.1L

79-4.1R

Altitude in Feet

MACH ALT ROLL

.98
.95
.98
.95
.95
.95
.95
.95
.95
.98
.95
.98
.95
.95
.98
.95
.95
.95
.95
.95
.95
.98
.98
.98

19888.
19898.
19894.
19828 .
19904.
18948.
198889,
16894.
19888.
19998,
19228.
18809.
2009484.
299849.
20988.
29884 .
29894.
20988.
290948.
29984.
29948.
202488.
20998.

284999

RATE

188.
199.
98.
9g.
8g.
8g.
94.
9g.
8g.
89.
8g.
89.
184.
199,
S4.
9S8.
84q.
89.
99.
94.
8g.
8g.
8g.

89.

Roll Rate in Deg/Sec

Nz in

g's

Force (F) in Lb
Moment (M) in In-Lb

62

3.

-3111.
-3817.
-3415.
-29379.
-2928.
-2882.
-54349.
-8382.
-33265.
-52¢2.
-78S81.
-7317.
-38%8.
-2994.
-2965.
-2948.
-28749.
-2825.
-5414.
-5391.
-§3349.
-53149.
-7838.

-7793.

0.95 MACH

Fy Fx

1783,  1269.
2332. 1269.
1328. 1269.
1849. 1269.
9s1. 1269.
1814, 1269.
2872. 12869,
2616. 1269.
1896. 1269.
2385. 1269.
1833. 1269.
2378. 1269.
2128.  849.
2536,  849.
1694.  849.
2061.  849.
1398.  849.
1635.  849.
2224.  849.
2688.  849.
1838.  849.
2181.  849.
2132,  849.
2452.  849.

My

-117656.

-+=113996.

-115464.
-112161.
-113484.
-119548.
-166957.
-166212.
-164641.
-164687.
-229865.
-2294983.

-99493.

-97665.

-97357.

-95744.

-95433.

-93955,
-154745.
-151938.
-148941.
-149299.
-294532.
-286453.

My

43278.
52947.
32779.
41476.
23435.
31166.
45429.
§527S.
39698.
48768.
39872.
48639.
$9826.
§7864.
48179.
46589.
39688.
36311.
494496.
566986.
39951.
46372.
45446.

51481.

361.51)

Mz

$6374.
72771.
47234.
62824.
39147.
§2293.
65957.
73418.
6d761.
65494.
60647,
65483.
§9796.
69923.
54329.
58728.
41981.
45482,
61354.
64382,
§2782.
§5352.
55878,

5769S.




‘CONDD

7-4.1 .98

17-4.1 .95

27“.1 ogs

37-4.1 .98
1g-4.1 .98

2’-‘. 1 .98

3g-4.1 .95

4¥-4.1 .95

COND.

3-4.1
$-4.1
4-4.1
6-4.1
7-4.1
33-4.1
35-4.1
34-4.1
36-4.1
37-4.1

TABLE

18898.
19088.
199898.
19888,
29988 .
20988.
29988
28988

RATE

2.
3.

4.

2.
3.

MACH ALT ROLL N, Fy

-2582.
-5941.
-75821.

18928.
-283%.

-8417.
-7822.
-9911.

-346.
131.
641.

1178%.
-6f.

3s3.
77S.
1286.

ORIGMNAL ‘PAGE 18
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TABLE Al0.- PYLON + STORE LOADS AT WING REFERENCE POINT (F.S. 361.51)
SYMMETRICAL 0.95 MACH

1269.
1289.
1269.

1269.
049,

949.
849.

849.

My

-14%282.

-158419.

-212934.

-289231.
-87649.

-142939.
-19843S.
~259558.

My

-969S.
~1546.
6937.

17889.
-3622.

3732.
11718.
19649.

M,

12189.
23485.
38518.

33746.
1398,

19947,
22506.
28861.

AIl.- PYLON + STORE LOADS + STORE EJECTION LOADS AT WING
REFERENCE POINT (F.S. 361.51) SYMMETRICAL

MACH ALT ROLL

RATE
.88 g. 8.
.80 18888. §.
.98 5. 3.
.99 15888. &.
.95 14899. g.
.89 s. 8.
.89 18928, 4.
.98 s. 9.
.99 19887, 4.
.95 15988. 8.

Altitude in Feet
Roll Rate in Deg/Sec

Nz in g's
Force (F) in Lb

Moment (M) in In-Lb

Fz F Fy
-2599. -464. 683,
-2876. -192. 474
-2678. -617. 1944,
-2616. -196. 718.
-2582. ~-346. 1269.
-19127. 951. 683.

-9989. 1411. 478.
-14179.  616. 1844,
-18811. 1434. 713,
-18928. 1175. 1269.

@9)
My

My

§4935. -lll88.

$8148. -S514.
27794. -~15994.
43899. ~7844.
23828. -969S5.

2187. 145498.
-1306. 23828.
-148%2. 5938,
~3618. 22932.
-25241. 17889.

o 2

5598. 1#842.
8481. 18842.
11353. 19842,
13254, 14842,

12189, 18942,
26879. 23224,

21568. 23224.
37116. 23224.

39836. 23224.

33746. 23224.

(1) Resultant Moment
(2) Incremental Force
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APPENDIX B

DECOUPLER PYLON PIN MARGINS OF SAFETY

This appendix contains a tabulation of decoupler pylon
pin margins of safety for the zero alignment angle case.
Also included is a tabulation of pin margins of safety for
store ejection loads with the pylon aligned.
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TABLE Bl.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS,
NON-SYMMETRICAL 0.60 MACH

MARGINS OF SAFETY

ROLL RATE FWO AFT
COND. MACN ALT(FT) DEG/SEC w2 UPPER  LOWER UPPER  LOWER
41-4.1L 0.60 °. 100. 1. .62 0.34 0.90 0.23
41-4.1R  0.60 °. 100. 1. 0.43 0.43 0.75  0.12
41-4.1L ' 0.60 °. 90. 1. .89 0.82 1.44 .33
41-4.1R  0.60 ° 9e. 1. 0.66 9.69 1.23 .39
41-4.1L 0.60 0. 80. 1. 1.22 1.19 2.29 1.03
41-4.1R  9.60 0. 8. 1. 0.95 1.02 1.94 9.79
Si-4.1L ©.60 0. 9e. 2. 0.41 0.35 0.9  0.23
S1-4.1R  0.60 °. %. 2. 0.40 0.22 0.49 0.05
S1-4.1L 0.60 o. 80 2. 0.60  9.33 1.33  o.50
51-4.1R 0.60 °. 8. 2. .39 0.38 0.79  9.26
61-4.1L 0.60 °. 8. 3. 0.46 0.21 0.69 0.23
61-4.1R  9.69 9. 3. 3. 0.48 0.09 0.32  0.04
TABLE B2.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS
SYMMETRICAL 0. 60 MACH
MARGINS OF SAFETY
ROLL RATE FWO AFT

CoND. MACH ALT(FT) DEG/SEC N2 UPPER  LOWER UPPER  LOWER

1-4.1 ©0.60 °. 9. 1. 4.86 3.97 9.32 12.33

11-4.1 9.60 2.21 2.14 13.81 7.34

] ]
21-4.1 9.60 8. 9. 3. 1.31 .77 2.06 1.66
® 0

31-4.1 6.60 4. 0.94 0.23 e.76 9.39
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COND.
42-4.1L
42-4.1R
42-4.1L
42-4.1R
42-4.1L
42-4.1R
82-4.1L
32-4.1R
852-4.1L
32-4.1R
62-4.1L
62-4.1R

COND.
2-4.1
12-4.1
22-4.1
32-4.1

TABLE B3.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS
NON-SYMMETRICAL 0.70 MACH

MACH
0.70
0.70
9.70
e.70
0.70
0.70
0.70
6.70
0.70
e.70
0.70
0.7

TABLE B4.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS
SYMMETRICAL 0.70 MACH

MACH
8.7¢
0.70
0.70
9.79

ALT(FT)
0.
@.
9.
0.
9.
0.
0.
9.
0.
0.
0.
9.

ALT(FT)

ROLL RATE
DEG/SEC
100.
100.
%.
9.
8e.

ROLL RATE

DEG/SEC
Q.
o.
9.
°.

NZ

2.

4.

MARGINS OF SAFETY

FwO
UPPER
0.72
0.43
1.08
0.67
1.41
0.93
0.40
0.33
0.38
6.350
0.31

e.30

LOVER
0.39
0.48
9.89
0.76

AFT
UPPER
1.8
1.01
1.76
1.67
2.88
2.77
1.39
0.86
2.07
1.34
1.23
9.69

MARGINS OF SAFETY

FwO
UPPER
5.7%
2.14
1.21
0.85

LOWER
2.99
2.08
1.08
9.41

AFT
UPPER
6.19
7.06
7.97
1.87

LOWER
9.33
9.23
9.73
0.37
1.37
1.909
.41
.20
.78

LOWER
6.36
9.86
4.13
1.34




COND.
43-4.1L

43~4.1R
43-4.1L
43-4.1R
48-4.1L
43~4.1R
58-4.1L
$3-4.1R
8$8-4.1L
83-4.1R
63~4.1L
63-4.1R
71-4.1L
71-4.1R
71=4.1L
71-4.1R
71-4.1L
71-4.1R
73-4.1L
72-4.1R
72-4.1L
72-4.1R
73-4.1L

73-4.1R

ORIGINAL PAGE IS
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TABLE B5.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS
NON-SYMMETRICAL 0.80 MACH

MARGINS OF SAFETY

ROLL RATE FWD AFT
MACH ALT(FT) DEG/SEC w2 UPPER  LOWER UPPER
0.80 . 100. 1. 0.67 0.63 1.58
0.80 0. 100. 1. 0.36 0.852 1.87
0.80 o. 9. 1. 0.96 0.99 2.59
0.80 o. 9. 1. .37 e.81 2.27
e.080 .. R 1. 1.31 1.44 4.73
0.80 °. 8e. 1. 0.84 1.20 3$.99
e.80 °. %. 2. 0.38 0.47 2.08
0.80 °. 9%. 2. 9.23 0.32 1.31
0.80 °. 0e. 2. e.51 0.69 3.39
0.80 e. 8e. 2. 9.37 9.51 2.12
0.80 °. 8. 3. 0.28 0.36 2.48
0.R0 9. 8e. 3. .22 0.23 1.44
0.80 5000. 100. 1. 0.68 0.63 1.34
0.80 5000. 100. 1. 0.4 0.32 1.28
.80  5eee. %. 1. .97  0.95 2.238
e.80 5000. 9. 1. 0.63 0.81 2.01
0.80 5000. 8e. 1. 1.38 1.38 3.87
0.80 5000. 8e. 1. 0.91 1.18 8.41
0.80 5000. %. 2. 0.40 0.47 1.74
e.80 5000. %. 2. .29 .34 1.19
0.80 5000. 0. a. e.88 0.67 2.6t
0.80 5000. 0e. 2. 9.48 0.31 1.72
e.80 8000. ae. s. 0.34 0.37 2.11
0.80 seee. 8. s. .27 0.26 1.38

LOWER
0.33
9.32
1.08
0.72
1.98
1.38
9.63
9.33

0.67
1.71
1.26
.54
0.81
9.9%
0.60
0.73

9.44
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conp.
48~4.1L
4~4.1R
45-4.1L
45-4.1R
48-4.1L
45-4.1R
55-4.1L
55-4.1R
55-4.1L
56-4.1R
68—4.1L
63-4.1R
48-4.1L
48-4.1R
48-4.1L
48-4.1R
48-4.1L
48-4.1R
58-4.1L
58-4.1R
58-4.1L
38-4.1R
68-4.1L
68-4.1R

68

MACH
.80
.80
.00
.80
6.80
o.80
.80
0.80
0.00
.80
.80
.00
o.80
9.80
90.80
0.80
9.80
0.80
0.80
0.80
0.90
.80
6.00
0.080

ALT(FT)
10000.
10000.
10000.
10000.
10000.
10000.
10000.
10000.
10000.
10000.
100090.

TABLE B5.~ (CONCLUDED)

ROLL RATE

DEG/SEC
100.
100.
9%.
9.
8e.
8e.
9.
%0.
8e.
80.
8e.
80.
100.
100.
99.
90.

8e.
99.
9.
8eo.

8e.

NZ
1.
1.
1.
1.
1.
1.
2.
2.
2.
2.
3.

MARGINS OF SAFETY

FWD
UPPER
0.60
0.41
e.87
0.63
1.20
0.90
0.37
9.33
¢.31
0.33
6.33
0.33
0.35%
9.48
9.81
9.68

9.97
9.43
9.44
9.63
9.64
0.41
0.37

LOWER
0.358
0.47
0.88
e.78
1.27

AFT
UPPER

1.14
.97
1.88
1.59
3.08
2.61
1.28
0.74
1.69
9.97

0.66
9.86
0.71

1.16
2.18
1.82
9.76
9.31
1.01
0.72
0.63
0.47

LOWER

0.
9.
0.
9.
.32

1

1.
9.
0.
o.
9.
0.
9.
e.
9.
0.
9.
9.
9.
0.
9.
9.
9.
9.
9.

33
20
T2
352

o1
33
16
61
s
37
18
19
10
49
36
93
73
18
o7
38
23
18
09




COND.

3-4.1
13~-4.1
23-4.1
33-4.1

3-4.1
15-4.1
25-4.1
38-4.1

8-4.1
18-4.1
28-4.1
38-4.1

TABLE B6.~ MARGINS OF SAFETY FOR FORWARD AND AFT PINS

MACH

0.080
0.080
0.80
0.80
0.80
9.80
0.80
©.80
0.80
9.80
0.80
9.80

SYMMETRICAL 0.80 MACH

ROLL RATE
ALT(FT) DEG/SEC
0. .
°. .
9. 0.
0. 0.
10000. °.
10000. o.
10000. .
10000.
20000. 0.
20000. 0.
20000, 9.
20000 0.

NZ

1.

3.
4.

2.
3.
4.

2.
3.

MARGINS OF SAFETY

FW0
UPPER

4.897
1.91
1.02
9.69
4.68
2.03
1.83
9.81
4.73
2.48

.82

LOWER

2.10
1.49

AFT
UPPER

3.36
3.80
3.10
3.43
6.94
7.%7
$.89
1.81
10. 60
12.68
3.02
1.19

LOWER

3.43
3.08
8.11
2.9%4
7.34
11.38
3.79
1.30
14.72
7.28
2.26
.84
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TABLE B7.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS
NON-SYMMETRICAL 0.90 MACH

MARGINS OF SAFETY

ROLL RATE FWO AFT
cono. MACH ALT(FT) DEG/SEC N2 UPPER  LOVER UPPER  LOWER
et—s.1L 0.9 .. 100. 1. 0.47 0.63 2.39  e.72
e4—4.1R  0.90 0. 100. 1. .28 0.51 1.7 0.42
e-4.1L  0.90 0. %e. 1. 0.69 0.99 4.59 1.40
e—4.1R  0.90 .. 9. 1. 0.47 0.80 3.11  e.90
e—4.1L  0.90 0. se. 1. .98 1.44 12.27 2.73
44=4.1R  0.90 0. ge. 1. .60 1.18 6.41  1.71
Be~4.fL 6.9 0. %. 2. 0.27  9.46 3.51 1.0t
B4—4.1R 0.9 0. %e. 2. 0.135  o.30 1.95 .34
S4-4.1L 0.90 o. 8e. 2. .40 0.66 6.57 1.73
S8e~4.1R  0.9¢ o. se. 2. 0.27  0.47 3.13 e.97
6=4.1L  0.90 0. ge. 3. .23 0.39 5.19  1.48
64.1R 0.9 .. 8e. 3. .13  e.28 2.71  e.s8
46~4.1L 0.9  10009. 100. 1. 0.46 0.37 1.35  0.48
46~4.1R  0.90 10000, 190. 1. 0.33  0.44 1.13 .28
46~4.1L 0.90  10000. %se. 1. 0.68  0.87 2.56 0.9
46~4.1R  0.90  10000. %e. 1. .52 o.71 1.87 0.60
46—4.1L 0.90  10000. 8e. 1. .95 1.2 4.533  1.62
46~4.1R  0.90  10000. 8e. 1. .76  1.04 3.17 1.1
S6~4.IL 0.90  10000. %e. 2. 0.30 .37 1.52 0.47
S564.1R 0.99  10000. %e. 3. .23 o.25 .99  0.2¢
S6—4.1L 0.90  10000. 8e. 2. .41  0.51 2.12  0.78
S6~4.1R  0.90  10000. 8e. 2. .36 0.37 1.27  0.48
66~4.1L 0.90  10000. 8e. S. .23 0.27 1.73  e.58
66—4.1R  0.90  10000. 8. 8. 0.20 0.16 1.04  0.31
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TABLE B7.- (CONCLUDED)

MARGINS OF SAFETY

) ROLL RATE Fw0 AFT
COND. MACH ALT(FT) DEG/SEC NZ UPPER LOWER UPPER LOWER
49-4.1L 0.9%¢ 20000. 100. 1. 0.46 .49 1.01 0.24
49-4.1R 9.90 20000 100. 1. .37 0.39 [ Brad 9.12
49-4.1L 0.9%90 20000 9. 1. 9.69 0.76 1.61 0.37
49=4.1R 0.9%0 20000. 9. 1. 6.38 9.64 1.26 0.40
49-4.1L 0¢.9¢ 20000. 8. 1. 9.96 1.10 2.%8 1.08
49-4.1R 0.90 20000 8e. 1. ¢.83 0.9 1.99 .79
39-4.1L 0.9 20000. 9. 2. e.33 0.31 ¢.88 .22
§9-4.1R &.% 20000. 9. 2. 0.33 9.21 0.38 0.9
39-4.1L 0.9 20000. a8e. 2. 9.31 9.44 1.18 0.41
59-4.IR 0.9 20000. 29. 2. 0.49 0.34 0.81 0.26
69-4.1L 9.9 2““ 80. 3. 9.31 0.17 0.76 0.22
69-4.1R 0.9 20000. 80. 3. .29 o.10 0.38 0.12
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COND.

4-4.1
14-4.1
249-4.1
349-4.1

6-4.1
16-4.1
26~4.1
36—4.1

9-4.1
19-4.1
29-4.1
39-4.1
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TABLE B8.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS

MACH

9.90
0.90
9.90
9.90
9.90
9.90
.90
4.%0
9.90
9.90
9.90
9.90

SYMMETRICAL 0.90 MACH

ALT(FT)

ROLL RATE
DEG/SEC

9.
9.
9.
8.
o.
9.
0.
0.
9.
8.
9.
9.

MARGINS OF SAFETY

FwD
UPPER

3.28
1.61
0.89
9.48
3.48
1.71
0.98
0.61
3.74
1.98
1.23
9.70

LOWER

AFT
UPPER

1.74
2.3%6
3.19
4.34
3.76
5.93
13.68
2.74
9.92
29.82
3.69
1.30

16.19
9.89
2.33
1.04




cono.
47-4.1L
47-4.1R
47—4.1L
47-4.1R
47-4.1L
47-4.1R
57-4.1L
57-4.1R
57-4.1L
57-4.1R
67=4.1L
67—4.1R
50-4.1L
Se~4.1R
50-4.1L
Se-4.1R
50-4.1L
Se-4.1R
60-4.1L
60—4.1R

60-4.1L

60-4.1R
70-4.1L
70-4.1R

TABLE B9.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS
NON-SYMMETRICAL 0.95 MACH

MACH
e.93
e.98
0.98
9.93
0.93
9.93
9.93%
0.98

- 9.98

0.95
0.95
0.93
0.95
9.95
e.98
0.93
0.93
0.98
0.93
0.95
0.95
0.93
0.93
0.93

ALT(FT)
10000 .
10000.
10000,
10000.
10009
10000
10000

20000
20000
20000.

ROLL RATE

DEG/SEC
100.
100.

FwO

UPPER
9.39
.23
.59
0.40
0.82
0.60
0.20
0.14
0.30
0.23
0.16
0.11
0.42
9.32
0.63
0.351
0.88
0.74
0.29
0.26
9.48
0.41
9.23
0.223

LOWER
0.47
0.36
e.73
9.39
1.08
0.88
9.29
0.17
0.40
0.27
0.20
0.10
9.43
0.36
8.79
0.39
1.01
0.87
0.30
9.20
0.47
0.36
e.18
0.11

MARGINS OF SAFETY
AFT

UPPER
1.381
1.18
2.499
1.98
4.38
3.29
1.87
1.18
2.48
1.44
2.31

1.77
1.42
2.88
2.26
1.29
0.87
1.98
1.36
1.26
9.90

LOWER
0.41
0.23
0.84
.36
1.51
1.07
.35
0.29
.83
0.48
0.85
.30
0.28
0.15
0.62
0.44
1.13
.86
8.39
0.22
0.76
8.51
0.44
0.28
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TABLE B10.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS
SYMMETRICAL 0.95 MACH

MARGINS OF SAFETY

ROLL RATE FWO AFT

COND. MACH ALT(FT) DEG/SEC n2Z UPPER  LOWER UPPER  LOWER
7-4.1 0.98 10000. °. 1. 2.72 1.52 2.51 2.60
17-4.1 0.93 10000. °. 2. 1.33 1.18 4.31 6.23
27-4.1 9.93 10000. . 3. 0.76 0.94 11.10 52.37
37-4.1 0.98 10000, 0. 4. 0.48 0.37 6.78 3.43
10-4.1  0.95  20000. . 1. 3.18  2.50 5.13  6.11
20-4.1 0.93 20000. °. 2. 1.65 1.86 13.90 49.07
30-4.1 0.93 20000. 9. 3. 1.03 0.90 9.69 5.13
40-4.1 0.98 20000 e. 4. 9.39 0.40 3.81 2.14

TABLE Bll.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS
STORE EJECTION LOADS INCLUDED

MARGINS OF SAFETY

ROLL RATE Fw0 AFT
COND. MACH ALT(FT) DEG/SEC NZ UPPER LOWER UPPER LOWER
3-4.1 5.9 g. a. 1. 2.97 g.92 2.981 1.69
5-4.1 §.89 19908%. 7. 1 1.68 1.82 3.11 2.77
4-4.1 5.98 a. 7. 1. 2.31 #.91 1.14 g.98
6-4.1 5.99 19988. 9. l. 1.76 1.96 2.29 1.99
7-4.1 g.9% 19898 . 2. 1. 2.29 1.26 1.59 1.35
33-4.1 g.88 g. a. 4. d.44 g.32 3.948 2.49
35-4.1 g.38 189828. 2. 4. g.47 g.14 1.67 1.16
34-4.1 7.30 g. g. 4. g.43 g.51 2.54 '2.88
36-4.1 9.98 198849. a. 4. g.41 g.21 2.12 1.27
37-4.1 .98 19988 . 7. 4. g.49 g.41 2.91 1.48
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APPENDIX C

TUNED FREE-FREE SYMMETRIC AND ANTISYMMETRIC MODES

This appendix contains the first three computed free-
free symmetric and antisymmetric mode shapes. The modes were

computed using the tuned simulation,
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1.

* SYMMETRIC MODE NO.
FREQUENCY = 3.115 Hz

SYMMETRIC MODE NO. 2

= 3.702 Hz

FREQUENCY

SYMMETRIC MODE NO. 3

= 4.619 Hz

FREQUENCY

Figure Cl.- First three symmetric modes with the decoupler pylon

stiffness based on 1984 fixture test.
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ANTISYMMETRIC MODE NO. 1
FREQUENCY = 3.089 Hz

ANTISYMMETRIC MODE NO. 2
FREQUENCY = 4.609 Hz

ANTISYMMETRIC MODE NO. 3
FREQUENCY = 4.963 Hz

Figure C2.- First three antisymmetric modes with the decoupler pylon
stiffness based on 1984 fixture test.
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APPENDIX D

FIXTURE GROUND VIBRATION TEST FREQUENCY SWEEPS

This appendix contains plots of frequency sweeps which
were obtained during ground vibration tests of the decoupler
pylon in the fixture.

78




OF POOGR QUALITY

ORIGINAL PAGE IS

I ‘'ON uoffq daamg Adousenbeig 31s9] 9anIxXTJg uoldg aa1dnodsaq -°'1q 2and14g

&w #W‘M _:; S
4 o N

TERE L

oy r-] | f:“ﬁwt i,lﬁ

| g |
L “{,w..._i._.

~
\

(ZH) ADNINOFAd

I

. _ it v l’l’ll’ ‘\\.!\.\

{:

79

NOILVYEIENVY IALVTIE

" 1 e
_ \\.\,\\11_ 1..;\“*\/ \\L _ § e !
T _ el
_‘__L+\..&\\_-r. _ : | __ 1m H
cum i PRI S PRI B AN LY A
WL TN LI
“.w___ﬂ; ! 4 TN G i
_ Hehl bt L by | A0
[ A R R B
SRR N N R R
S0 E I A A S _
R IR i
i | ) %;_; |
1l | RS R R
______ IS et !
1. f._.:_ ................ l "_,x il !
arowr O

el o : N
_, L m”” _u___m

AR SR HSIHE
N )

TisaL wouvema HoLa No
S R R T M 5 g
. TV on ~voxd Jghinc & :3ive T i CETE 3 )
SONIAVIE ATT10d A

ﬁ NOTAd ¥3714Nn023q VSVYN 3HLI 40 <163l 3Jinixid

w
=
]
R ==
! : -




7 °ON uoTAq desmg Aousnboij 3s9] 2inIXT4 uUOTLg 1s1dnooaq -*zq 2andt4g

(2H) ADNJNUIAL

+ i m M:J—Q ﬂ. .. — g ...‘.Jv.o

'y ém%.w

(\

T L T

s b ::"__. il
sl
Al

o

/
/

NOILYSIIEIYV  IALVIITE

—

o

Jir .

n _,“ Z...“.. . .NW. 4 [P DR SN T B ot .. ‘

SETHTH I BN trass o0 2ot soll INRN B g4 .

\ B . . o [ I bt

f . JOEUN DU SUS RE U RY 33T P A”. - : . F . N B

: ni e i - ” G .

. i NS BN i . - L

. Jipye rpo CEUNE DS SOU PIRUIY FFUDE BT PR I S 4. . ¥ 4 B EEEN EETY ERREY FE RPN PR 1]

L . NHE : : Pra g i m_
e B R R E \ - 2 e IR > / . . P Y i ! !
Aae g, ST TS AR A HE i | v F 1 [l |
S - :,r“:.:;?“:n.._._fx NN I I\ . . B w.___ H f

: N h |
SAETES I FET ERURE EEU N - JURE PRI RSN NN N RA AR B |
T Bt e T I N E ™ S ety _z_" _.

ASTR R R RET RA 5N ISR (AT 1 o U e bbb N N TS VRN EFUUN R IO IO cubhb bkl |

_x“.. o T I H SIS B A : [N I IV f O
S SR RN ITI T I o MM__D_F ___ i i
SHIHHIHM R ST _ H PR ER L “
bl TR ERERY DA VO HI D1 00051 IRESY IR B . _ S AUOS IR Y INTTY FE O IOPRS MO MO IRE R LS RNARSR:

HIRLIE N RN RO M R ST FE IR

A 3% NRSY R PR PO R IRSE Y I _ N I N AR R S OO A | ¥

SRR ; NN TS DRONT I I L S T T O RN P R IH I :

: IR O ' E , . . I | . dlilgt '

BN SRSTY DR FE ST SRS U5 VY AUY UURN NN SR PUURY FUURN IR RNOR BN e _ L Y B PR N0 S PN v SO Y I IR B ,s“% :

- ,n L “ﬂ, ,." . _ ' R N : *,. RIR K W
Tl vickaletepe m - ol _ ! o RO R B ; SIRHIRE _“
i RIREN I 10 " : “ Lol , S o

+ J: rbigee s RERE BYRRY FEES . N N BN R . . . : . .. ol L_J m* m e .ﬂ.r+_.(4. tH

i 0 Bk A ' ‘ ! ! . N bt ._
bbbl e L) 41 1. . . ' N .;.“._m ___.._...:N;“ “_ [

WL e | | i T

NN 0 DR K REN BRI B L0 :

Nisi N [S 5SS FOES PN P . i . . _ . i) .NJ S R « 1 1
SRR N R R
| “ : _ no K 2+ 0

A_ | .
gy A _-__.wmﬂr _zom.:sﬂn__\, ﬂu.zm zQ.:‘,. £ v o

.N ‘ON NOIAd + _;s.h ._ :34va ._z"w.a: MYL (WI13) FWONY

SONRIVAE AT110d /4
» NOTAd d31dN0D34 VSYN 3JHL 40 S1S3L FINiXid

80




ORIGINAL PAGE 1S
OF POOR QUALITY,

1 "ON uol&q desmg Adousnbeag 31s9] 92anIxyg uoldg 191dnodaq -°gQq 2and14

(€H) AVNANOIAL

6 8 2 % S 4 € Z ) o
N I " L_w Ar ’ﬁ.: . S

| 7
#0'¢q3

4

&)

e S R
—— !

NOLLYEIEIIV  IAILVTIA

: B N
N i s

{152 wouvewn o1ia roiad|
AT R A I R R
| "ON NOAd pg Nn G :alvad

SONIRIVIFA AITT0d 4
* NOAd ¥3TdN023A VSVYN 3HL 40 SLSIL FniXid

e

81




7 'ON uolfg desmg Lousnbaaj 3sa] @anixTg uolLg a97dnodsq -4 2and1g

(E€H) AUNINOI AL

‘.\\-\\L|! et [ hd .«.0.
| ! X T

® .? £

W\l ”

\ | : | et ¥ ¢ CE
" | M kG2

]

_
RRV/EVagnNan
N\ | AR |

\.Vm, " \\\ L
| | .

]
/l

H oo o =n

3 :

\".
L~
-

it =

yA 9 S + € Z I

O i A A
o ¥ Z2-0

" | Jh_.4 | M RE no X L+ 0
TisaL wouvama Wl NoXd] Y OV -0
— _ _ _ , ‘ _ J _ K _ _ : 91e coooz [J TS ¢

.,_. _ om0 B LO 0O
|~\ TON NOAJ VQ ‘Sb _ BETUT AnvInow MVL {W31id)_FTIoNV

1 SOvVo 1394 INTWNOTIVEIN
SONRIVAE AT110d 44
NOTAd d3IdN0O3A VSVYN 3JHL JO0 S1S3L INLXid

NOWLLYEIENIV  IALVTIE

82




1 "ON uol&g doamg ALdousnboag 31s9] 2anixX[j uolLd iaTdnodaq -°Gq 2an3ig

\EH) AUNLN0ddd
b @ 2 o g i 4 4 i 0
® T il
Lk B

® BBy

/1

URIGINAL PAGE S
OF POCR QUALITY

® _.NU,A _

P T
u o

\n
n
ey

_/

. |
sE'S Aol
,. : . SRR E =
W , 3 !
—MH ,_

83

N

. _ /
.
. .
N . i
il ; .
!
i [ R EP I ol il . . .
i N N o T B o
1 o I Y N
I A il . BRI B
Sk Al RN BT .t A : ISE T KO0 BN RO R .
H B ! ! H i ! N
h 1 R RN IR Y Y FE E O R I i !
i o I . I . . :
S R ! NI B R e o !
HEN M :
.. i IR I O R Sl fepet
! ! o . . . N '
3 |4 FRSUS VU U DY FENSS FRUTN PR RN DETEY SRSUN B KO0 PO vl .
: e ; ! T
' H [ ' : . i N ' ;
! H : H I : H
: AL H S 1 IR R A o R
N ; i ! . !

|

NOILYIIENIV  INLVYTIIE

| _ “ “m eror [ <~ 0

!
i
_ i
_ ]
N
__ . i ,“” : _ :
N 45 Sl O I I RN TR
u . SR RN
_ : N N HE
i T N EETOY FEIY O ._1 ‘ P R HeH 4
| I NERBR] I
! } b I : SR RE ”“:“ qih tH
! TR S A PR I I PU N RS BN I '
. U DU DS N DU B ;n‘ R PR ¢ m <
: , : 2 A I N N HH I
i S O R PRI I R B BRH IR
| b B A T
LT
]

{153 wouvawiA to11a NaTAd Ll e sae 36
T . T I':] 9vm 0000z [} S+ 0O
TTTTIT T I m=eg
— ‘ON NOAJ T RIEN J["W.C\n TNInNow VA {#1d)_FoNY

1OV 130d TNIWNSTIVEIN
SONRIVIE A3T110d A
NOTAd ¥31dN023Q VYSVYN 3H1 40 S1S3L 3JyniXid




7 'ON uoT&g desmg Adusanbsij 3so] 92anixTj uolLd 13Tdnoda( -°*9q 2and1yg

]
s

[
;

(ZH) ADNIN0O3AA
2 9 +

3

N : )
. Co

%Y

-
T

'
} st :
o I Y PORRN IS SR S U s e aeE R VO T )
N . .
. AT . (SN
; o ) . . ) . R .
i : | o e
0 i -
. iy . . i . i .
SETY D ONPNY N NN DINPS L DI 1 04 0 IR FOSNN B TN ' :
HaR : H : ! et !
h . . - Mty R e
N ¥ IR I AN e
‘ IR RO H N I i 1
o] ! e o : .
+144 Hib bt Feprieed o144 ky 1o
. N . | R N Vi .
. I } N R i i
H RESI D ) N i
i 1

Y NN DU I DSY M
! :
AN iy
! i
i EEER MR
Wirlits

o’
&d

e :
HUHNE 3
aif e A
ol ot b b e
% R PR U AN PR OR] DRRTY MARRNI VRRE | I
! : ,f e __ A N I
; ; b MR 30 A

e

lasar ~wouvama wpfia Naxd|

i
}
i

R B S A

Z ON NI 4R ﬁ,_s.h 21 :3iva

SONIAVIE AIFTT0Y 4

NOTAd ¥31dN023A VSVYN 3IHL

| ke

40 <163l

s S, <
" e —
T —_—

NOLLY2IENV  INLVIIS

<+ 0
- K
F+ D
L 0

[CE Al ol
THIWNSTIVEIN

JaniXxid

84




1 *oN uoldq desmg Adusnbaig 3so] 92anIXTj uoT4g aoydnooaq -°/Q 21nd1g

(W) AUNGNO3ad

o

2

- .

Yooy e
oA PR

* -

e

m | |
i

~
4 o

IZFEITIY gl x Tt avomy?

FOUR Gy

&

- 3

A

A\

S

A\
i\

<

2§ 1
|
W

s
_ 165
i
M
e
i .

i
EE] R .
TR _
i . .
JRUTE SUS TN DUEES DU RN -
IR I [
NIt !
N - . of .
bt vy W te :
N Y R ER R e FR S . i '
: e Sl Ll f HIH S RIE
B HATH : e _n.. _u .w.. MTee :__T spesfepie]et- .
' i | AL...\..\aA." ) .n ! I A P .
. RE N N hewn s rheld M R o I . B
Y RO AN B et i N : :
: ALy I .
! S SRY I [ 594 PETNY FETES FRUDE URTNE DUURY BN B DOREN N .

e 4 . , _
111 T I TS PR R O O ‘4
1171 EATH TRES] PR DEAY FO AR T T R OO O S A I .
N P , _ !
1T A EON! I o _ .
HIRE - " + by _ .
_ ]
|

/ . w v...lA'-l.Qd,rhh V|D; N
; | nwo K 2z
% TisaL vouvama wonlf Noxd] | TR -

My ! orm 0000z [] L4
TITTTT FEITI™mn 2

[ on ~oikd +3 ﬂ_sh 9 :31va TR vt W) TN

k_—-_m
=
S St
%Z _'_I': . .
&
= i_.._

NOTAd 4371dN023A VSVYN 3H1I 40 S1S3L JaniXid

NOLLYIITEIIV  INUVIIY

85




I _ .
TN A gy S . R DR U Pt I + |
! i : ’
i Iy . ,
: i ot b | A i ,
: U ot A il i il ] INE !
JESRY SHESY SOUDY FYON FRTEY RETON BUURE INDSY IEINE FOSH FRAVI N i k]
. M SR RAS RS RN ! o ! e 119 DO g
U B e H o ! s ube ‘
M aan il gt . N
! ' . . '
: f ., .

7 'ON uoTl&g deamg Aousnboij 3s9] 2inIXT4d uolkg 191dnodag -°gd 21n3T4

(ZH) AONINOIAL
7S SR S Y

-

Em=a
e =
=\

\

Y ~ L .

il

L

! :__Mm

Il
il

i

% |

|
|
_
!
_
.h
___ :
]

A4S0 NouvARIA HOLId NOIAd |

O

2 'ON NaAd +©h_wh;d~ :aiva
SONIAVIE ATT10d 4
NOTAd A3T1dN023A VSVN 3HL

40 <163l

2- 0
2+ K
Z- 0
LS+ 0
LO [0

{HoT)_ TVonY
INWNORIVEIN

JaniLXid

NOILYIIIZINIV  INALVTIIA

86




1 'ON uol4q dsamg Adouanboig 1s9] 9anix1g uoydg asTdnodaq -'gQ 2and1g

(2H) AONINWQ3dd

+H

! w 1

OF POOR olALITY

ORIGINAL PAGE IS

3 RFaId

e
e AR
- . N
=

’
T
~

i
TR
RSN
' '
il . i : . . A
H i H
Ve : .
o, . ' i . ( . .
SO SOR DUCHY DI PO DI DI D PR PO I e . L. L
i . : LS R i !
i \ . . i . . .
Il [ . o . . i . v
I DI . IR PR B B D B R RS P B
. RS I MR I B A N o [ .
H Y ot . ol I N o
! i HIM . MHRIRE i
1] ERE 33 + . IS T3 S NI SRR
: : ' ; i 1
i i ! g . )
oy . s i . i PR I I |
' ! EIN ! .
! . i D . . i
N ' . i . . i
o h : . H il 1]
: 1 . i - . E2 PR R on Ny IR
i : ! 1 } T ISAE N
: P P ! I i
e 1 i . S i ) : X
. N IRRY A I . RS I
H H e ; . )
it ' FRE a0 .
. M PSS BRU PN I B

o
{

NOILVEITEIIV IALYTIE

|
i
e

i
51 IFE O il

87

I
;
. o
._..,. _““.._ i
u_"_._:,: L

3

V/n Tisal ~vouvasiA HILd NOAd
1

IR AR
- R N N RIS O BB P A mou D <X
h _ e _ E 0 : no K 2+ 0O

. avol 3S -0
JITTTITTII L™ e e 5 G
_ *ON (NOAd 4@”.:.”& : a1vad “:#fv?m i

1 Cavo 1394 INTANOTIVIN
SONIRIVAE ATT10d 4
* NOTAd d37d4N023A VSVYN 3HL 40 S1S3L FIniXid




Py

Wiss

7 °"ON uolAg deemg Aouenbaag 3se9] 9an3ixyd uofdd aa[dnodaq -°QIq 2andtjg

(ZH) AONIN03AL

;]
i
|

TN

i = }
1 _'_ — e

v

Hhe
NOILLY33IANV INLVIIE

S M s R :
.r.wmr z.o_.:&n; HoLd NOAd i avol 3015 -
A R 1t o X >

T on Nowd YR U 5V U S I
SONRAVIE AIT110d A

NOTAd 431dN023A VSVYN 3HLI 40 S1S3L IyNLXid

88




OF POGR QUALITY

ORIGINAL PAGE IS

1 "ON uoldg deamg Adusnbaig 3s8] 2InIXT4 UOTAJ 121dnodeQg -°T1Q 2anSt4g

(EH) AJONGNUddd

ANLVTIE

NOILva3dNV

89

6 4 | O
[ ~Shyol
#J..Jﬂ | m_r
B .\\.ﬁﬁﬂ B0 S | 1
- s ||
\fﬂsﬂ Lol SR BRI
, ! | A1
w :
Sl
i | L
__ ‘J
ik
HiH
IHIL
m
.“ 518 |
S AR RN -
| L mew 2+ 0
1531 NouvaRIA HOLd NOAd | TV e -0
HRAERRT RN -4
A ! L . A R o1w 0 [ O K
- “ON NOAd ir_shJ :3iva ..zwoﬂeﬂ._wﬂ {W3id) ul._%

SONIAVIF ATT10Yd A4
NOTAd ¥3TdN0O3A VSVYN 3IHL 40 SL1S3IL INiXId




f =
T

[4

coN uolAg deemg Kousnbsig 3so] 2inixt4d uolLq 1@1dnodaq --ZI1d aan81a

(FH) AONINOIAL
+

~ '
il
i
MR E B i
M,,_,I“. i
r,w ".L[‘_—‘ﬂ.ﬂ
ST
0. bt
et 1B
H I [
N IHB R
_“N ot

v\

m : !

T =
4 1 1=t
B O == ik wa

s

NOILYEITTENV  IALVITI

| eop—— —

Xoooo

[ iy to T T TS
I —— LTI TR
: LI Tl L T T I

e
S RYY FERRY
S0
i .
gl ‘
! |

1 : ﬁ .
| T. H 11! [HE K i I
_ s zoF<~.o_> .U._.E NOAd
il

T TR e e

Z ON Nad .vwr_s.h\z BEYLT THIwoN_MVL Wolid) TN

SONRIVIE AITT10d A
NOTAd ¥ITIN0O3A VSVYN 3JHL JO SLlsdl JAniXid

_
il

*

3

&

5
&ZIQNN

90




ORIGINAL PAGE IS
OF POOR QUALITY

I "ON uoifq doamg Adusnbaiag 3Iso] @2anixTy uolfg aa1dnodaq -°€1qQ 2anS1g

(BH) AONINDddd
S + €

<
~
9

2z
%Yo
L_lr.a

.\%\ . %

#Qﬁﬂe.
f

| i
¥ ”.._,M*u.

w

A . L i
| il
_ \ \ \\ At

~5
~2 -
"0

NOVLLYE3TEIVY  INLVTIIY

91

|
Aol
. - !
N B A 1
O I
- - I TSN N 1 N.A_JM_ L HHH
S R R B e N
R A e R A i _
. i w el ””T_yw.;.wﬂ _f,~ Hin
| m“_"w:w_f: Al
....... A _ SN .
” : L i
SN e
A I PRRN I .I”.‘X“_;M_M“ L_. ~_u il __l»“___ h_
T R T B A R Ot R T SR
OO T I S B i R il wo O 2+ 0
% | [sa_wouvwsin o noud |l wTEm %- 0
O 0 5 = =
£5 0% NN DU DO RS DETUN DUURD UUUY TSN PO I OUS FURS e om0 B O =

ﬂ ‘ON NOAd 49 ﬂshé :31va INIWON_MVL {#314)_FVoNV

T SGVO133d TRWNOTIVSIN
SONRIVAE A3T71710d9 A
* NOTAd ¥31dN0O3A VSVYN 3HLI JO0 SL1e3l Iynixid




7 °*ON uolig desmg Kousnbaig 3s9] 2aniax}g uoldq i191dnodsq - #1Qq 2andT4

(@H) AVUNDOUddd
|'

o
1
1
<
~
N
W

_l.,. — ..-{
W A J
f——i——

.
T,

|
g Lt
! I ' et lEIB ! ]
Hﬁi | ﬁ‘_ T ,*WL‘L.;;X i R
TIHHLLL IR e B MR R IR S .
Tk f :s.w.m_._w ALUed T T 5
AT INHITI N e o o ast il A
el I BRI IR R U _ 1 I P
i S R S R I T RIS ]
Hosti S J‘_Hx LLP.._ _" T L_-.q_"ﬁ.“:,
..... AT :
H At s IS
- T HHlE
N LT ! _ 0 n
HHIHE ikt 2
i 5
o
z

il jil iR
| ey .
Ht1 M
w . ;
~ - .
1 : ; .- _
_ | Z2-0
__.l:. ! S <+ 0O
l1s3L ~wouvasia HOLd NaVKd][]]] o 3as -0

T o= S =
7. ON NaAd $ehncl :2ivae T B %
SONIRIVIE AIT110Y /A

NOTAd ¥371dN023d VSYN 3HL 40 SLG3IL IINLXIA

92




2]

OF POOR QUALITY

ORIGHNAL PAGE

. e
o

1 °*ON uol4g doamg Aousnbsij 3s9] 2anixyd uordg ae1dnooaq -°GId 2an31yg

(ZH) AONGNOUdEA

©
~
©
Ne]
T
N

! 29

* 8’ \n..ﬂ

" fHF; o _
M3 W il

R R R
M
|
}
|

i . ,.__ .
| ‘L\#a.uo ¥ | I
T

R

SN

............

-

NOLLYIIRIYY 3IALVISA

N X

93

T U PN .

PR g———

Sl
IoaL mouvamA HoLId NaAd |
o ’ g T e

— TON NOAJ ﬁ_s.hd s 341vd

SONIAVIL ATT10d A4
NOTAd A43dN0O3A VSYN 3HL 40 SL1S3L JyniXid

= i
t i H [
LR

T S




w e

35

Iy,

OF POOR QUAL

7 °‘ON uol&q deamg Louenbeag 3s9] 2inIXT4d uofdq aafdnodag --91d 2an8T4

(2W) AUNENOAS
..-04 .- - m A* - . . .vvm!.‘

5
\

N

<z
; I fom st # ;
a1 AT e t,r* 3
HINE R -~ - i L !
PR ] ] e o SRR e K ol by ;
50 SRV DUUSY SESUN DU FENIN DUNNN IOUUR IR BTN EY N DU B T s
i S [ Sl e T i =TT 0 :
. :mm [T Hob ] bl "l —‘\t\_ i .\\..\4\._ AT ,._.__:mf : ;
" . ‘ s 1 it | o : ; - ! ! i
AR R T e e et SRR R et R B SR P N PR DO 95 comnt 100 DEO IR M M1
! A e RN e A SR T ..fwu__

,,7 \

. ) i . * . ] e i .
NS B 1S N TN B " . A . A0 ] i
i B R } : : | H . A HE :
g Y BRREN BN i . 1 Af : . i BRI . ,
il I A ! ! e i . s . . ; | , L e !
N 2 I 1 I . ; : ' . :
PRRON P 3 N g TS DU PR DY U PN RN CERES REREY P Y P . [ D N i
JRAN P e ’ B ! : i e 1 !
: N i L i , . . A :
: . ; 1 P
i1 1N PO T I NG S . . T _H,_N_‘ ;
: [ i .
s rEEES SR RTS P RRE . B I e . . T T B

NOLLYSIIENVY SALVTIY

T .-

I
1

H Y

%\ dsa zoF<un_> Hid NOAd

T O R S
2 'oN NOWAJ gL U :3ive Tngwow_MVL %

SONRIVIE AF110d A
* NOAd ¥d31dN023d VSVYN 3HL dJO SL1S3L FIniXid

= 7

| nou X
___ . wo [

4
Z
avoY 3015 -

+

Aoooo

T
T
T

94




REFERENCES

Reed, Wilmer H., III; Foughner, Jerome T., Jr., and
Runyan, Harry L.; Decoupler Pylon: A Simple Effective
Wing/Stofe Flutter Suppressor, AIAA J. Aircraft, Vol. 17,
No. 3, March 1980, pp. 206-211.

Runyan, Harry L.; Effect of a Flexibly Mounted Store on
the Flutter Speed of a Wing, NASA CR-159245, April 1980.

Desmarais, Robert N.; and Reed, Wilmer H., I1II; Wing/
Store Flutter With Nonlinear Pylon Stiffness, AIAA J.
Aircraft, vol. 18, No. 11, November 1981, pp. 984-987.

Reed, Wilmer H., 1III, Cazier, PFrank W., Jr.; and
Foughner, Jerome T., Jr.; Passive Control of Wing/Store
Flutter, Presented at the Fifth JTGG/MD Aircraft Stores
Compatibility Symposium in St. Louis, Mo, September 1980.

Cazier, F. W., Jr.; and Foughner, Jerome T., Jr.; NASA
Decoupler Pylon Programs for Wing/Store Flutter Suppres-
sion, NASA CP-2162, Part 1, Vol. 1, pp. 207-218, -

Reed, Wilmer H., II1I, Cazier, F. W., Jr.; and Foughner,
Jerome T., Jr.; Passive Control of Wing/Store Flutter,
NASA TM 81865, December 1980,

Clayton, J. D., Haller, R. L., and Hassler, J. M., Jr.;
Design and Fabrication of the NASA Decoupler Pylon for
the F-16 Aircraft, NASA CR-172354, January 1985,

Cazier, F. W., Jr. and Kehoe, M. W.; Ground Vibration

Test of F-16 Airplane with Initial Decoupler Pylon, NASA
TM-86259, 1984,

95




1. Report No. 2. Government Accession No. 3. Recipient's Catalog No.
NASA CR-172494
4. Title and Subtitle 5. Report Date
DESIGN AND FABRICATION OF THE NASA DECOUPLER February 1985
PYLON FOR THE F-16 AIRCRAFT, ADDENDUM II 6. Performing Organization Code
7. Author(s) 8. Performing Organization Report No.
J. D. Clayton, R. L. Haller, J. M. Hassler, Jr.
' 10. Work Unit No.
9. Performing Organization Name and Address
General Dynamics - Fort Worth Division 11, Contract or Grant No.
P. 0. Box 748 NAS1-16879
Fort Worth, Texas 76101 13. Type of Report and Period Covered
12. Sponsoring Agency Name and Address gzzt{ggzof g§20§584
National Aeronautics and Space Administration 13, Sponsoring Agency Code
Washington, D.C. 20546 505-33-43-07

Supplementary Notes

Langley Technical Monitor: F. W. Cazier, Jr.
Final Report

16.

Apbstract

The decoupler pylons which were originally designed and assembled
with bushings in the pivot joints were retrofitted with roller bearings.
This retrofit, the supporting analyses and the fixture tests of the
modified pylons are reported in this document. The loads and stress
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